J J?J ^^ biU ( 1 ) J,U:1I Jt -ill.- jjjiiiu Lus Ijji 
M^t- i^_^ Ulj >| I.U3^1 >i J -G^ IL ji ^ iUiB lift 

{5 + >-}(5)>(l) JaUll jSxJI AjIjjII ^j 

« — k jSUI U^ ^jj . _,SxJI <,I:^II ^j sj:^ ^^ ^_^_j 




— jSjJI ijl jJI (j^j 



jSj Jl iiVslI ^j 



: -bus ^Sf jS»JI AjljiJl 6»j ujU^ :lMi ijtUM ^^ J liiS-. Usli ; - ^ 



' jV irl*^ <>J Jjti tf jUu iUi: ^i; i^i ijij^ ^_3 







) jiM 


1 




6 



Vi 



<JilA\ 



^201- 



.5 - 5 + jiua - j + tiS iJ - Jii'^ -la^' '^ 

jj_s j_Ji j>j 4 jjiJI t> Ajs »iJ( (jL,u (m) i-l-J^' Oi* J^Wj 

- j + .iJ ^ : j» J ■I'Uill \i«J jMl ^U^' O* J ^' J-^ ^!^ 6 - j : 
i_i>J( lil V! A^ *^l U^ V AiU y I.UiJJ ki^ U . 6 - 6 + >- 
5 x^ -it ,,«:^ V ( t ) Jii"^l ^tiill li* J >l^j » J-\S3U ( 1 ) i,Uill 

j : -di (2: ) i.iii» <>j =^i^^J (^ t)- -^^-?-^' '■'^^^ *>^ ) t^^^ ^ 
J + ^ M : J^-^^ (C ) -^^^ jM ^W5» <> J c> J-^ ^^ '^ ■ 

VI lx_^ J C^ V (c ) ^^' uli jMI ^U^ Jj^*^' '^^ ^^ ^ 

12 - j J kj (^ ) iaV^I (>j ^^k • 9 = -^ M J 15^ t^^> 9 ^ 

21-12 + 9-j+'^m: C-.1-. (c) ^^-^^ JM> ^M' D- J 0^ 

a_^ljll ^V .v^/l J_S1 jM ^U^» 6- J J ' ( J^ ) ^'^* '>J ^^ 
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J.d_Ij 



\-j^ 26 .^ (^ J»l^ ) ^^ ^ ^LiU >V 



c* jM oij»j js^ ^ j^jai jL*Vi ^s^ ^ ;usi^ 




6 5 


-Jb 




1 



V 



26 ^ 


J. 







21 9l 


. C 


2 




9 5 1 


r 


12 


4 

1 




<^l^ ) A, u-UJI a.J». (J.) J^UD ^, j,U3 >V ^ :H^, ^ . 
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f u * 0* 



t 26 - *^ U 







(i ^) >^» VJ^* ^r* j 



•,- s>U\3b\^\L>-jH24" 2- 26124 : ^^^ (io) i»V^ 

ijas. pji}c^\ <h^\ 0- j s^^*-^ ^^^ *-^^^ ^^ ^^^J 
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*i'> J JS^ ^ i«jai e,,^ JU^Vl AS^ : ( 5-6 )i^j Jii 



5 jL^ 


I 


5 ji^ 
y 7 — ' 


5 




.^u^ w^ ^j ^ ,^ (24) ^ji i^^ ,^ (^) j^ ;^^ 

12-24- ^^. J- i. - f M ) j^u^ iUiU i jihj ;uWJI 

.( 10 - 14 - 24 
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J*' 



. (.) U^ S>Ul -^^J 5-(_*) ^^ >^> '^^ ^^ ^^ ^^ 

( i ) ^L_^l e'^" ^^' ^ ^^* ^^^"^ ''^^' ^^^' ^^^ 

'jL^» .^ >b, J ^ ci^l c^j» ^^' -^ ^^ ^^' ^^* ^^^ 

,>-^j . t J>5-» J^"^ -^ '>^* '''^^ ^ '^ ^'^ "^^ '^^ ^^* 
: i^ JLhU-a f\iii-.U LUii tsSr J1»WI C:5j» >^^ 

3- 5-8- ^'^- ^ ^ 
3« 9-12-" ^u" fuJ 



-206- 



>-= 5-5 - .il M -j. CH 
>--6-6- ^o-,o 

c^-^j . jss e j>uii o- .1^ ,s^ cA^ ,„^ ., . ^ j^^^, ;^ 

• ( 2-6 ) Jj^ s j^^*^ ^ 5t£^| 
c^ t-J^» e J>^ ^^Ji J ;ja*lii^l : (2-6) djao. 
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^j^ t^j^ ^^ J-^ ^ ^^ '^ ^ ^^ '"^ '''''" "^^ 

J^^.y3 J^:(^^» >y^V> ^-C^' o^^^' ^^ 

.J. j>Jl lii. a- *Vii^ f J^' <>J^* '^^J 

^ :^uj, . =^^. ' W^ ii^ ^'^^ •> -^ > ^^"^^ 
^, ji 0- uu.> ^ ^'^^ •- J" >^ ^^ '^'^*^ • ^^^^ 
jl_^ V^ ^UA' ^'->j^V» "^ W. ^JJ '^* '^^^ '^ ^ 

1 £j>i-a j!^"^ ^ps» iAjfl jfc ^-1 

a_W^» o-J. ' >^> ^»^ '>j^ ' ^' "^^^ "^^^ ' ''^* ''''^* 

.ij=. >^ LUi JSl jihA\ 



-208- 



V iuau " ij.j^ j^ • aJoJAI ^^ jAbS cji-:) tft ^ -4 
Jl-*« fJBLJI jj_JiJl o_Sjll Sjl_jj ^ jaihs life ^j^ 

( 2- 6 ) Jjo-^ ^^ j<— ki USg;j>UI iLiiVl Aljja. J : i^UVI 
. Ua- iLij JSj ^j^UJl JLUH j^jSj ii^\ ^ ^^^ 

u — B <?.jM i-i^ ^1 J , Wireless AjSUj^S .iliui jj^ '^LjtS. a.. ■•,<; -. 

li-ft c' — ?^ u' Jii«i l^j i JjliJI (Jib (.liii^VI J ilj^\j '^\J 
aS^^_^I om.1 jsj . Aa.tijV V-Lull 2UlSill Jc Liul Ua^ :>paJl giUl 



-209- 



j_jj2j *> '^^j ^ Aj c a^Ux^lA\j ^^Vt oJi^j (JAj ( 9^!ilall jlfl^t dJfifej 

^ ;^-- V ^LSII jA tljlfr j^>*iA!l AJj^ AjUt ^y JjVi SjlaaJI ^^ L$J^ *>• 

(3-6) ^j Jj^ J»JJ * Aki»jVl ftiA t> LLio J^ j^\aa JS-iu -UjImJ* 
^_^Uj^| 3UL^ (^ j^l 3Lu.i jj £ j>:^ jlauV *<^S^ ^LJaAiVI iilti Jt 

. ^Qa^SiiVl oiA t> LUi J^ j-iU* J^ iiijUl ^LkiuVi *^lliSj i aJja^mJI 

^b-> e^>>*^ ^^ ^^^'^^ ^^ * ( 3~^ ) J^*^ 

<l^^Aa^ Ajjl^j^l ^juu2U2t jjix 



S^U* ^iLLJi 2a»^Vi 




iiLlill 


- 




i 


- 


(3>uJt «^ jau aJo^ ^^J 


UJ 


1 


^Ui^l 2Q>a. ^iJaj 


z 


1 




J 


1 




^ 


c 


^U3Vt cijAS^ jjjij jl^t 


J 


J 


^jmU ^ jI jUa.li ^Uli 


J 


.J^ 4i-J 




C 


c 




Jb 


Jb* J4 J 


^pi^ js*^\ J^l 


iJ 
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^h { 6-6) fSj JLill ^ j^ U - f^jj^ 'A^ ^j ,^_, 

- J^^.^ Jii Mij^ J^ ^iJ ^_jjj, ^ ^l^J_^, ^^ ^^ 1^^.^^ 

JJ — Sij V c^illj A___,_,il| 
M^j«S31 i«ii4S ts jJ» i«ljj ijj^ -Ai^ : ( 6-6) JiA 
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^i jB Jj . :u«^ 2bLt p*^ iUi J^ ^Jl^i ^j» j^A u^ 
Ll-^ J-^ o^L-iJi (> jS jjsG ^j AoLt uj^ "^^^^ ^^ t5^ -^^ 

ft.l-S>]i JJC. AlajVi jli <llaJl *iA 4>j . iaUlJ jSl J^^ ^tj i>J JJ^ 

1 . > > j3-i JS J jli.UiSI jUiV t>J c>^ - (J) J^^^ t>-^ 

jl uuJI J /^joj ;Sj>j ^^U]* Clji*^^ ja^Vi ^t^ii Cf^ J^J 

t> UJb.h Ji J ( 4 - 6 ) Jj^i a* J*^ t5^ J ^J*^* VWj*^^ ^--^^^ 
VU-^I Ji^l t>J» J ^ ^^ lM cW«. J& ( 1 ) A.Uili Jj^ iiA 
12 * ( i^\£^ t>jJ* ) e^^^ 5 a>j j^i Jlj <>»J t^-i- 1* 4^^* 5 jA Al 
tj_^ j^ j^ l^bl o^ltj ^ <ii^Vi oJA o» jlj 4 ^LSl^l t>j!i ) J^^ 

: (^ us jA ( j^ - ^J^\ Cy^Jh iff*^ ^ 
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^+ .^4 + J 



12+ (5)4+ 4 



" ^e: 



c^ 



^IJ 6 



36 



dlij ^-Ulolij jSUi4l|j VUi^t JaVI (>jli jaiSS : (4-6) Jj-ia. 

frtfUiVU <i>>a^ Mjj4^ <*.^^:s^< iwii jj £j>juj iyflUJi iLixiiu 



(^) ^UUl ^jll 


VUa.» JiSVt t>jl» 

(4 


JjUUI (>• jit 


liU^t 


12 


6 


4 


1 


5 


1.5 


1 


(i-i 


4 


3 


2 


z 


11 


4 


3 


J 


4 


3 


2 


.Jk 


2.5 


2 


1.5 


J 


4.5 


3 


1.5 


J 


7.5 


3.5 


2.5 


c 


2.5 


2 


1.5 


1. 


3 


2 


1 


iS 



tj — SJ Variance utjUll ^Ij^aa*-! UjL<u SjS> jj6 ^J jja^j *^j 

: AjM <1^UJI ^j.iii-.l ^3jjL ^ LUiill 2LLajL (j^UJi ^jAM 



J- 



o^Ult 
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ij <k\\ Q ^ i^XSdJ ^ ^ ujW^W ^^l^' aUjlj^\ dIa J ^^j^J 

fj_u (jj fill A^ojS Ij^jSj (J^oJ (^ jUxJ) eJl jaJVl 0*^ LSJ^ (J^^ ^Ull 

6 

3l-^ ^^ Id - *^ V J - ^3^ ( J) (JSlii-J» a*JlW ^-^^^ ^^?*S» J ' (^) 



U ,>:.\\\ jjjUjill 2uj5 ujIi-^ ^Ull ^UXI AliUJ ^i.iia«.U Ujixjj 



1.78- 



i^ 


8 


^ 




6 




V 




-/ 



4-12 



V^ 



:Ji^O) 



- %6 



-/ 



U U^^b ( t ) C^J^^ <>J^* J^uajlAA 4J^--»^ t*^^ r>^J 
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(l) ^s^ c^^l 




4 5 



6 



(f) ^liU cijil 



12 






jLoJI 
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jj±^ 4^\jjl ^jj^ ilaJu^ OU^J A«Sji4Si ilAJi\ : ( 5-6) Jj^ 
. Al^ftd^ M^J^ kMtjSutSi ^Siul 



Cu)c^^^ 


(t) t^i^* u- J» 


LLljll 


1.78 


6 


1 


0.44 


2 


L-J 


0.11 


3 


c 


1.78 


6 


^ 


0.11 


3 


-Jb 


0.03 


2 


J 


0.25 


3 


j 


0.69 


4 


c 


0.03 


2 


i. 


0.11 


2 


(J 



1 «> Ji^^ SQajVI J,:aa«ilj p j^>*lftll ^£i*l ^jj ^IjaJI jjV^ IVi^ojj 

(8-6) J^i <> j^ US *ilbj ^LkiiU 

(jUI J i^ jaJi jLouJU 2u-aUJl 2bjUaJt oUUJU ^Ull UiLoj lula 3Lli.i&l 
^^ k. 2iluii^ k^yj^ KiAjiS ^ (JxUjj Iwla ^UaJi oULsJi *iA ^^j 
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OJ^ ,U1I U^ U3U JSS e,^, ^ ,1^ ^^ ^^,^ ^ ^^, 

M^J«5fl i«3&^ aj^ i„,^ ^liJ g^^^ ;^ ^ ^ ^_^^ ^ 

. :ikiiU iilii*J <i.J;| j^ ij^,.;^ 




14 11 


J 


15 12 


3 




11 e 


J 


12 7 





6 JL- 


i 


6 jL^ 


6 



13 9 


C 


13 9 


4 



z 



9 6 




9 6 


3 




2 jfaa i^ 
'9 7 ~2~ 



^U^ 0-j ul Ji^:, . J,U3 JSl jM S-WI 6-Jj ^1 A,l^| ^j 
<,-*. U . U^l 17 .X^) J^UJ ^j ;i^ J, ^,^ ^^ ^^ 

pWaij ( 6-6) Jjj^l ^ iU3 JSJ :uS^ ii.jVl ^.^.^ ,^j 
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Ijj^ i^\^ ^^ji\j iiaJb^^. (6-6) Jj^ 
.2Lj^^Ad^ XJuj^S^li <mI1a2\ ^Siu jj^ ^\jJ 













til V 


3 


r^ 


t^^Q 


6 


6 


\^^3 


\L^O 


1 




7 


9 


2 


7 


\L^0 


L-i 


- 


4 


13 


9 


10 


6 


c: 


- 


1 


12 


11 


7 


6 


^ 


r-^ 


>- 


9 


9 


6 


6 


-^ 


- 


4 


15 


11 


13 


9 


J 


- 


1 


15 


14 


12 


11 


J 


f^ 


^^^iuid 


13 


13 


9 


9 


c 


r»^ 


>- 


15 


15 


13 


13 


i> 


r*^ 


t^^9 


17 


17 


15 


15 


t5 
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Ijl— ^ 31^! 'iy^ U J^ LL.U3 jj^^ Jj^LUll lift ^(i <] j.tul| 
A—It Ai^j . JSS j._,_jij ^1^1 ^_j ^ _.^ ^ ^^j^^ ,_^ ^^^ 

«.^-.i6u ^S^ JSJI ^j]| ^ ^, ^3 J, ^^^ ^, ^,^^^, ^^. 
jt-^V JSM ^>jll :i:^ j| U5b ^j^ ^_^ ^j^ j^ j^ :^,^, 
C J* J^ LJ^ Jl tsojs i^jVl ^^ ol£itiil j^l jU ^^.iJbj .g. j_^i 

U— Jt ;-SI jjlj ;a.jaJ yaiftfb ^liJI ^UsJ J| _^ ^^1 Ut J 

'— ^ «* ( -^ j) >jiW tj>i-Ji jWuV jsn o-jii jSj3 ii.j 

jl_^ yai2^ ^_^ ^jj j.^^ ^ ^_jj, li^^^ i^ J ^ 

(5-6) J>s=Jlli5jj»jjr-)=^l 
Icji-I 17 - 2 + 2+4+ 3+ 6 - 

i-^ t j->^ j^v jai ^jju i>-uji OiUm yU ji«ji ^^j 

iiVI ) £j_^ j^.^ Jc ;^|^ y^^g ^1^ ^1^ ^^^ 

U) oU^ (i»)oaifi +(c)L«Wi + (_^)^j,ui + ( 1) ^:«U5 -( 0) ^Lii]i 

-219- 



2.72-0.11 + 0.03+0.69+ 0.11 + 1-78 : JS^li oi^^ 
^J J J^J^i^ is^^^ O^^J^^ ^ ^ oU^ ^^ ^^ ^^-^^-^ 

CjJLx^ lujjii W^ Ui f-iSi '4l^\*A\ 6iA jU ( l^Jfl ^UkuVi i> <?^>i ^\^ 
^L^j^ ^ eifljij uJJjSiB *iA S^ja. jl ^1 jll J . J^ jjAxll Jill t> jSt 4> 







^_- Uiifl i ( 9- 6 ) (J^i J jA us <^«^i ^ jjpii js-i. :^l? ^3 J-s^ 
dji sj <> g. jjA^i jusi-i cjVI^i c-^u^ li^ fr?jjps> t> t j^* *^ 

j> ^l^Iii^ U^ 20 Ci.n.^n^ iS Sjb7l J j5 Jlla» J^ <^ . '^.i^:^ 
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^*J^ tJJ^ 6* ^^4=^^ <>jJ tyu^ tO^Si : ( 9-6) JS^ 



IcjAiiii 1 .65 "* p 




(10-6) JS-UI ^ j^ ^iMj ^^xaolJI JU^VI ^jiill ^IjiioMbj 

" ( ^ J ) ^^— it c**^ C^Ji*^ 2 ^ V^*-^ lii^j ( 10-6) <JS«1H 

: <jM£20 
1.82 - 



17-20 
1.65 



20 - ( ^ J) ^ 
17-20 



1.82 - 



1.65 



-221- 



JjS Oa j±j^ ^jj^ Ji tJ>^^ J^^ »::iVUb.\ : (10-6) JLA 




17 20 

^ j^^ilL-i <j-aL-aJI (J lo j3i Jj^l J i 1 .82= Z ^ ^l.iia^ljj 

^VL^<:ia.l J ^ J bjl«J cj\j^L (jAsA\ Jla^l ^ jgJaJ ^^jlll j <^*JfUi 

0.9656 - 0.5000 + 0.4656 

^ .^js .iJi ja J Vi Ic-j^l 17 (> f^jj^\ jW^V ^JaaII CjSjII 5^bj 

J_ja 4>^ -* 1 Aia^i CijH (is ^ j>!USI jUjV % 96.56 U>ia Sj\l^ 

S .^U ti CjVU=>^V1 S->^-^ IVi^^i lWI AtjiU;j. It^ 20 jA J S JjT^l 
. iiijUJl ^^^>iaH (jjiiij <L^ lSj^ ^ji (_^ p j^^*31a3I jUub 

Cj^jL-iii.'Vl .i ^^ fiJj **^^ Ji^ ^Jd rj^^ jUjwJi ujjLut j^ 

4J_& ) Jjl J Jl o^b j AjIaC. (^J^j t g^ j>Lc3l jUjV ^>)Ui <^1 a* jSi 
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" t 'Ti p I .i s \\ « I . ^ 

■"^-' ^'J '>> -»^ uli U o-j . IjS> U-j iy J,Lii 

( 7-6 ) J>toJ ^ j»J« US LUi JSI SjbVI 

'A^\ .1.1 .« t.» »-ii I 1— . ' ^^ • 









J»Uj]t 






iaUill 



J* UJ 



<uuii ^i£iii j,un g-:^uivu ^tjiii 



^!SLoV< ^ AjSlIill Afj\ Ja^^ ^t^i 



( 11-6 ) Jl^( 
il^JilsU iilii^ iitjVlj 




7 uj 
7 13 



7 ji^ j^ 
7 >- 7 



9 6 


3 


10 7 



6 .jii^ 


6 i 


7 1 
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(^ jll jLj-i^ *^:ij dj^ cfS UiAjJsU Aiiii^l -a-jSfi ^j u^j 
. (8-6) Jj^l^ jAUSe:j>2^^j=^» j^--i^^^j Ji=^^ 
C^\ ij-Lu^ ^j^uS Ailii^i ilajii ( 8-6) (Jj^ 















1 


r^ 


JAmS 


7 


7 


t^.^^j^ 


)Lhd 


i 


r*^ 


\L^d 


10 


10 


7 


7 


UJ 




1 


7 


6 


1 


\L^d 


t 


- 


1 


10 


9 


7 


6 


^ 


r" 


>-» 


12 


12 


10 


10 


_Jt 



j^ Jc <^>u ^i UuiuVl J :^^ ( 8-6 ) Jj^b^i Ji >ii^j 

J ij Loj 0^^ ^V^ t-^>^ t^^ (^ ^-^ ' ^-^ ^^ ^^^ *^-^-^ "^ ' 

• ^J:?12 ^>1? 

Crashing Activity Ah^^\ A1aj\ oM^ 

^fl 'in J (^ JJJ ^^ t> <J*^ J^^ C^*^* ^-^^^ ^^ ^-^ 

^j^^\ J uuJi j> Ji >i3u . i^ ^y 10 ^ oARfi ^i^- tjjA- 

V) ^ «» ^U 10 ts^ j=^ u^ cJijaoi-LJI ijA Aj\j Ujj 12 -^1 .i5>-l^ g- j^loil 

j-^ j^^-v ^b Jijj^l (j:^ AfllJol JiU t> ALuijSfl (>«^ cK»^* c> j^^ 
;„xj:)Ul a—jaUaVi ^J J---J* u! — ^ <-i^ t> ^J^^ ^J • crashing t> ji^ 
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o-^j cK^dii^ ol ^V t ( ^y 10 ) sJjVI J ^ t> ^ i' V ^ ■•. I I lL^jW 

^^-iiSi31 s^L^j ^i ^jij^ ^j_^ c^^jiko > Ux j^t J^ g. j^^^l 

o^ — :?ai^i 11a ^ jji ^Lj * ^J\ ^j:,,^ ^^ ^j ^^^ ^^ 

.JaLiull ^^1 ^>J1U .^^ 

c^l ) t>a_jiijli ^y, ^jLoxi j^ jJ^i J^ <> iaUiill jUjV j-iUl 4> ji* -2 

.( JaUill JUjV ulax Cij JSl 

•O^V u^-^ ^j Jal JiSi ^ iaUill jl^V ^>J1 ^ilSoll -3 

:yiall j^jSl ^^i^ Ut:i 

. tj JLLSull ^bV <*:ajiij jLoj <:j5^1 ^ j^ j£\ - . ^ 
: JtillS ^ t5 <^ 4jL^ (j^ <> ' uJ t> JS <xo jk^j 

OL=o» <»:?a u^ dij <31 a^ ^ J3Uull pbl ^ilS2J ( eP- vli ) >j3lj « 

-225- 



6 t3 



^1 7 ^ (1 ) il^i <^»^l L)-^» clijJi J jl * JUI Lfe- <>B 

^ j j.U-i \\\<^j UiU AaJa. 800 U jift 5iJ£j .iit «^jj ^y 4 jA A ,. >>jflV> iJA 

^y 4 - I (> * ^y 7 - o 
^uU - 4-7 - 1^3 ■. 

UjJa. 500 - 1 g^ <^ • • 
\^^ 800 - 1 (>a tlj 

500 - 800 

4> ^ J ^>. (^1 J jA J Vt fjJ^\ (>a)>9^ t*^JJ f jSj ^>-J 
S ;\<^ s J^ ^ ja. jl ^>u£j 6 jla^l jIaJ JaLlJ ^^V jj;aaa^l t>ojii 

1 .5 Jxloj ( i ) LUlill i>J lW*=^ ^JjS ^^j ^^^^ • -i-^-^* t>j (>jtou 
150 = ( 100) 1 .5 J-i— aaj LajI ^^ L-ijioi ^LisVl ^ilSjJi q\& ^ U^ 

. l^^ 650 - 150 + 500 ijj\^ ( ' ) ^^-Suli 
diiij ^UlSillj j^jH t^ii ibiUjll a£:U31 tiXti ( 12-6 ) Jl*2i5i ^jij 

. (1 ) iaUull 
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(i ) ialilii V^ aiSiJij 4>j3) f^ 5£>U11 (12-6 ) Jl*i 










4 5 5.5 6 



• UiiBU 4Jlu^L o-aliJI g. j^^iJl aJa^SuV <^U l^lalSjj 



U^=4l^j ^jiwAilj ctfiUSlcJjJl : (9-6 ) JjJi^ 







4JS11 ;iK-,ii 


a-J>il 


^5 


<j* jll (jioi^NAlt 


VsUJl 


ijaia^ 


iS^\A 


100 


3 


800 


500 


A 


7 


1 


150 


1 


350 


200 


2 


3 


c^ 


200 


2 


900 


500 


4 


6 


c 


150 


2 


500 


200 


1 


3 


J 


250 


1 


550 


300 


1 


2 


~* 






3100 


1700 
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V :a — i^^ <iKj js'l .ijfr iili:ij ^y 10 4> <j^ J g^j>i^ uS-oj ^ j^ 

J— ii .ijc- ^y 10 t5^ ^ j>i^i jM Jl t5^>J tJB>- ^U 2 J^ iaLiuJl 
JaUu ti' U*J cP>^ U*^ ^ *^^ * aLUuII ftj^ (J«j3 ^Vl u^lj . ^ilSj 
^Ij — si J — ftj X-JjJ 1 — ijli Ua tJAj .^Jka. r jafc jl**»A JJ«-^ (^' iJ^^i ^ 

oat aJi ^J j3 cfe-^ J' 4i J^*' ^Ja*!uVi (J^osu (jryyiVy) ^USlI Ji ^tjaJ 

J<Llll - ( -^^^^ (j^jtVi ^ jLumII j^ u&^ * ( ^ ) -^^-^^t o'^:^^\ 

. willj t> j^ (13-6 ) 

OiSJVl SJU^ juiUjj ib*5. : (13-6 ) JiJl 
(t ) iaLlISt Cykj o2aJi2 ^ 



3 5 


M 


^ 


5 Jt*-a 


\ 


9 6 


3 


^ 


6 1 


5 



*iwi» 



11 9 


—A 


11 9 


2 



9 6 


J 


9 6 


3 



6 jL-« 


C 


6 jL-fl 


6' 




.Ipa^ij ( ^ j^^IaIU A^^UH ^JLlx^ Ailia^t ^jV) oajaJj (jSxjj 

. ( 10-6 ) Jj^ <> ^jaJl jUxSlj JLUil 4>jSi 
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(jAjiaJ Ju ji^l <1h» £j>Ju1 5iiSi4ll Ai,> : ( 10-6 ) JjJ^ 

(i ) Lua <>j 






JLL 






d 






9 



11 



o- 



,Uiii 






d 



11 



-•J 



lLjUI 



5 jI^I 











.i-^pii ^U 10 SjjS (>j ^> g. j.^1 jM J\ cUi J UjJ ^ bj| (2) 



djlja. 



( a) laliill dUi£j t Si».|j AcLufl J^ ( t ) iaUSiill 4>»J t>aixj UcJ 

J--*frVi A£jui (14-6 )l1^1 C^JrJj ^ ^-«^ *^ l3*^ J*^ ^^ J V^ 
i-Jlja^l ^JAjVi (11-6) J>iaJi J^ US 4 ^^^ ^laoiajJl ^ ^Lki^U 
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JiLoj (I) LUali uV^ ^ Cj^^^ ^Va ^^^ ^V" : (14-6 )dS^ 

^l^ Jjlftj (-Jt) iaUlI2ij AfrUi 



SiWifi 



^ 


9 6 


UJ 


9 6 


3 


10 9 


_A 




9 


2 





9 6 ^ 
^9 6 3 



6 ji*-o 


1 


6 ji*-=i 


5 




6 ji*^ 


^y 


6 >- 


6^ 



AjIaJI 



04J oA*i^ AJ 0^1 Uh> £j>5-i ^iia*^^» <i*i : (11-6 ) dj^ 
ApLm JiLftj (-Jb) (>jj A^Imi JjSuj ({) 















p 


^ 





6 


6 








i 


^ 





9 


9 


6 


6 


V 


(«j 





6 


6 








?=- 


^ 





10 10 


9 


9 


_A 



<-Jt^ 



i-Iflfia. 



jS ^^i J : (12-6 ) J>i=Jl t> ii^j 



^1 t^j^ 2ii]S3 Jat ^j 350 « ( 260) 1 + ( 100)l:(>^l i^ ^ilSi 

>N «"- Jc- iSS"'"*^ p-^Ji CAS\^*a (Jia j_^ SiflAA AjLoC ^^ *^lli Jfr AjjjfLJI 
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J U^ t>jll o^fljikj] jLoVl jljall Ai,ixi 4jla Ua t>j . <JaAjVl t> jjj£ 

.AjiaiJl Aj^jA\ ujjLil ^hViMil j:ik (> ^y^ 
: (>j3l oV^ ^rjJtttJI ix-jji) vji«l f).ii:u-i 

-= ( cil V ) jM' ^U^l i> j 

c^jL^I ^i. s-1 m l U^ JlilLj j^l <j1^1 ^>j ^ji^iiu ^^ ji3ig^ 

4 1 u- >jll ^ (1 ) JaU^ J^l 4j\^1 i>j Ji b>j I JU . ^U 7 >j 

. , ^j^ >jiLj ( 1 ) JaUill ^ AjJ^^ ^jLoj ^:iJ1 t>j3l J^ <j]l U>jj 

4 jl^l Qaj jU jL-a tJAjSI SiC Ijjj cjjjuj ^ j^yL<JI J llLijJial UjI jJj 

^ ( 1) JaL_^U (j^l aJl 4> jli J dj^j . ^^ ^ (i) iaUioU ^^^£^1 

) -^^-^ J^' ^?W^* t>J U^ AjiJ o-> t>^ C5^' t> jil J-^ A^Jauaiu 

( I O- - 7 ) + jii^ < ijj^ 

: ^f^ l^U ^Uxil t>>j ^^1 ( 1 oa ) «iLj=^ ^^ l^U 

7 ^ 1 c>« + 1 o- 

— A t ^ t ^ t uj t i »= ^j dija. * j JaLJlilS J^^aII Mjl^ill ^ J « . ^ 
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ii^_l jM Ajljuli ox j J clu^ } (^) JaUill ^ «illij ) ^\^^ jM^ 

^k^ i>ji 0»^^ ^* u^ ^ 1>J • (') -^^-^ J^^ ^^ *> J >^ 

: ^ US ^f^ uJjMi (cj) JaLl^ jSjJI 

u >/.\\ j^i 3bljJ t>j J . (-a) iiUiM Ji jl=uj UjU \jj3.ij 

^1 j_a.t J-JU ^^^v tJj«. (o) 4 ((-j) tJilaLlJa t> JS3 S jSxJi ^1^1 ^ J 

A*-U JjVi 4 (-a) JaUiii uAjS 4^i^ J U3 ^ !^ * (> jJl (>>ji^ ^^«^ 

J <;^ti ^L-^W^i t>j <-UJ ^ ^\!i3i J ((^) LUiU jM* ^M» (>j J^ 
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i^W^Vi lsjjj^\ t> J«- ^ JbJl ^IjjV^ lsJ^ J l:ijSiJ U lili 

10 ^ ^e)- 



3 


^ 


^O* 


1 


^ 


vU-» 


2 


^ 


C<>* 


2 


^ 


jLH» 


1 


^ 


-jkO« 



^--^C5— — si :»>^ JU «illij ( 9-6 ) JjJ^JI t> l^jk J,^...^^ 

. Jffil tain (JA^ ^V»jft^*t 

: J t5l i J jiSb ^u^UJI (111 jjil*!] 2blL- ^ ^ J^^^mJI 

>^ :^ -J. 

) Aaia. 1700 <^ 5Ja.iiU ^Uil AlajVl ^^ JSS ^j^SuJI jUjV AjlU^Vi 

<«^ilSj ) JS£ g^jjAJI AilSj t> t^ u* u^ l33U t ( 9 - 6 Jj:i?. j3ij) 
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; ^_yL LftS «Ju-fls3 AjlaaJI <2kjftjJl ^JjAJl 

_^ oa 250+^ (j^ 160+ J, oa 200+ ^ o-a 150+ 1 c-K" 100:-UJ:G 

Jii .iJC- p j^^)Aa11 ^jxj (j'njKM <AiaJI ^a>xjj1I ^i^^ Aj\j$ lli^j 

_» c>a 250+, cK» 150+ 2 cH> 200+ ^ oa 150+ 1 u-a lOOrA^iJij 

(1) ... 7 ^ \ 0^ + \ o^ 

(2) ... 3 ^ 1 LH ~ V O* "*" V U" 

(3) ... 6 ^ ^ (j^+ ^ <^ 

(4) ... 3 < ^ LH - J lK> + i t>> 

(5) ... 2 ^ ^ t>i -_4 0= + ^ cH 
(^) ••• 2 < J cH - ^ (>=» + -A 0» 

(7) ... 10 < ^ a- 

(8) ... 3 < , o- 

(9)... 1 ^ ^O- 

(10)... 2 < ^o- 

(11)... 2 < ,u- 

(12)... 1 < _.c>- 

^jj oj (Jai I L-lwalaJl J.'i-^.^^islj j (JjjSIaAjuJI AJBj^jia JjiiJkal (j^^j 
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■-^J^j .^-^ ^t^ ^js. ^bj. i^b ^j^l ^b. ^I ^^ _i 
.1^ AiLU) ^Mj ^1^1 ^ ^ ^tili Jj^l ^^j 



J** 



.J 



.J 



f^i' 



OjJiU iSiUJl fV^i 






(jf^W) j*j)i 



iy^v v>iU» i»uji 



^Ujt 



t 



( cj 



^* *^ 



c J 



VI JUj VdL ^3^^ ^ ^^y^ ^] 
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±lj .till jjSll ^^ ^ A^J ■^'•^1 </ ■^■^^ ->?^^ ^->^ ^^^^ax-ai^ -3 

CjI^jJJI (j^l 4^ Sjb^l Ji&luu si^U ^Ikj X^ \:^ a£^1 (I^ali 
43_^ja ^\S ^la ^j .^UJ ji^ ti^'^V? ^^^* W^^ O^J^ (/ c5 j4i^ 
tp jj_-^iiAiU :L^UJI AiauiijVl (> ^l3 Aa^ ^-^^ J^* ^>^ iJ^* 



(J 


i. 


' c 


J 


J 


- 


d 


c 


*_-» 


\ 


i^UJl 


c 


j*J 


»IV 


^^c 


t^ 


1 


^ 


- 


- 


~ 


SyjU jjLJi ^UJl 



.p jjjiuall li^ c3^Vl ^JJ ^ 



4 la 






i,^j, 



J 4 




\ 



^IJLJI 



^ 



c 


j 


J 


- 


d 


r 


V 


I 


JpUJi 


8 


10 


3 


7 


6 


7 


3 


5 


JpUJi^j 



,p jjAaIi ij^i ^j=^i jLuiaIi ^-i^ ^ (1 
o\ s lij ? jss g. j^>^i j^b uj-^ ^^-^^ j:^^ f^^ u^ Ja (^ 

?(_Jb) I.Ulli ^ilii^i AlojVi yfA U (j 
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8 l: 



-J:? (£ j^«Vb) J.Lij JSj ^j^UJI (>j1Ij ^UI ikiiVl .^LLiil 



m1— «Ji •: 



j'^y 



syn^ <j* jj;Ui iuji 



CM 



iuji 



J» J 



iJ-e. j^—lc ^^^a^ ,^Lj ^^ »Lu ^ OU.U1I tjjaJ jSC -6 
J ^L_!ai x_p^ JhAV;^^\i,^ ^^ jljtyi ^^^^^ .:i^g_j 
i>iU l«k ALUI y^Vl J ^ ^ Jj^ ^ j^ ^_, ^ 
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(ti^^SfV) Cr^jJ' 


iji,\^ aijLJl ^OaJJ^t 


Jl^j^\ 


^uJt 


6 


— 


^\j.j^\^.^\ji\ 

^M^,;^ 


T 


8 


— 


^^ ^JA^ ^^.^ 3>\J^\ 


C-J 


12 


V^ 




C 


4 


c 




^ 


6 


c 


iJ\j^\ ^ J 


^ 


15 


AO 




J 


12 


-* 




J 


8 


j'J 




c 



.p j^^^iSbftll A£jji f^^ A^^ \ 



-238- 



'.Vl 0-t ytiB ili^ j«jj .AiiJI JUi ^ Jjj ,00 l^i:^U. 



j^Hj, 




J> 


C 


) 


J 


- 


A 


C 


^ 


t 


JpUJ* 


3 


6 


2 


3 


>-» 


3 


6 


6 


9 


J^UJli ^li^l ^jll 



:^V AJl^j ^ L^ 5_Jtil| aia^Vb t^liJ 4>J» J^ 6^ iij "8 



fS\^\ 


^Us-ijtf'Vi 


JAHI 


J»UJl 


6 


5 


4 


I 


10 


9 


8 


V 


11 


7.5 


7 


€ 


10 


9 


7 


i 


9. 


7 


6 


_» 


7 


6 


5 


J 
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aS . j-Jr-L-j AluiAl cJ^'^^V ^J^^ jLuwJl jSij ^Ijj^iJI Ji:^! ^la Ij] (;_j 



i» 


c 


j 


J 


-- 


i 


c 


V 


! 


^UJi 


c 


^*^ 


i 


c 


<^ 


V*T 


c^^ 


~ 


~ 


5yju jiUJi J?uJt 



.^jj*^ JU&Vi ^i^ ^ji ^Uall rc-jjikoil 

^^ AjxUu) ^Ui^ ^Inj <jL-alaJl AlaAiLiU (f^Vb) j-^lall t>j3l ^jt (>aj*J ""10 

l^l^O^ (9) U:J>ill 



^H'l^^ ^jil 


^u^i j^H\ j^jJt 


j;iHi ^jji 


i?LiJl 


6 


5 


3 


t 


6 


4 


2 


*^ 


7 


6 


5 


C 


10 


9 


7 


^ 


6 


4 


2 


ft 


3 


2 


1 


.* 


10 


8 


5 


j 


10 


8 


6 


c 


5 


4 


3 


i. 
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^ Aij_^U ^.-^UJI a1:J;^ (^l^%) lj:^\ <i«jVi J cP»> -11 

:^ US CiJlS (4) ^j o^>c:ill 



^U=ll ^jjl 


NU=r1 ^*^l ^jjt 


cpU^lCr^jJi 


i>UJ( 


6 


5 


4 


t 


3.5 


3 


2.5 


v 


8 


7 


6 


C 


9 


5.5 


5 


d 


9 


7 
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_• 


4 


3 


2 


J 


12 


10 


8 


J 


14 


7 


6 


C 



X^^ 21 JuilL (i 

.U&jjuu.) 22 JDU (4J 

* 

.U&j^J 25 JDU. (^ 
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^^^O'J' 


Vi^i y^H\ ^yjJi 


JJLBt ^jJi 


i^UJl 


7 


6 


5 


f 


13 


12 
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«-^ 


10 


8 


6 


C 


10 


10 
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A 


13 


6 


5 


-> 


10 


7 


7 


J 


10 


7 


4 


J 



V^ JaLijli ^^ -Ja.j lit - JLUH t>jji J^ jA U (cj 

. J9I J ^jj 30 4^ ^jj^^ 1^ (> ^W"VU t>«liJl JLoi^VI Jkp^Lij ^ (j 

(j-aUJI SJJjJoll ^\jji ^jjiHiA KjViVlj 3>^ L)JALi jac OluJI (ji_^ -13 



(^U*j|U)^j]» 




i>UJl 


J^l-ll 


^Ui^t J^^\ 


JJUdt 


2.5 


2 


1.5 


-■ 


I 


6 


2.5 
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^ 
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d(«-^ 
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-* 
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3.5 
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4 . 
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2 


1.5 


C'-> 


-t 
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.J ^^J^\ jUoll Jd AxSl^l) A^^l AJa^Vi 4^10(2; 

^is ^is ^ i:i]j .viij c5t gpi ^j>U 0- ij«:iij tL^ SAj^i ci^UuiJi 

cKLiiaJJ 4^ -G^Lo-J ^ jiJI jLoJi / Cjjjj a£^ ^j^ ^l.iila.lj t3jja3l 
:^ LoS g. j^>.Ul Jl^Vi Alii Cul£ jaj i> ji' 
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(j^u-Vb) <^ US iaiii lSI ojii-Ji oUjVid^ii iijj 





vi^i >sSn t>jii 


jsUlLoIi 4> jii 


LUiii 


5 


4 


3 


1 


7 


3.5 


3 


c-j 


6 


5 


4 


E 


4 


3 


2 


J 


14 


10 


6 


^. 


12.5 


8.5 


7.5 


J 


7.5 


6 


4.5 


j 


13 


6 


5 


c 


6 


2.5 


2 


A. 


6 


5 


4 


«# 



,j_lc ^Ijlt ilkijVi JJia. ^ i^Oa^iiU iUloi^ AltjVl V^ fS (1 

.Ic^ 30 JDUj Ylcji«il 25 4^ :uJbJI ^bjjil ^ 4> j^ 
v-iu.U3l MJ^Jij CH*^b (5) fSj OiJ^ i^ ft«ija.jJ AKixU liic- i jj -15 
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-LuaJU 4il£ili 


{^\JiL) o^J 


JaU^I 




c^^lc- 


t>**^ 


i^Ac 


1700 
4000 
1000 
2400 
1850 
3900 
9800 
2000 


900 
2000 

500 
1800 
1500 
3000 
8000 
1000 


1 
3 
1 
3 
3 
1 
4 
2 


3 
6 
2 
5 
4 
. 3 . 
9 
3 


1 

-jb 
J 

J 

C 



J— a*j ^Ull <*l:ii:k«l tj^j ^^:ili J iuki, li^jM^jj jj^ (jjjSij ^ (t 

o-^jll J c^U^jj^i^l A_^V <^S^\ ^I»^Vi t> j^ y\:i]| i6^\ -16 





^ 


-^ 








\ 










/ 


c 




1 


\ 




/ 




VJ^3t 



\n^ 



^ 



J 


J 


_.. ,» 


d 


C 


V 


( 


Jt^uJt 


2 


6 


5 


5 


2 


3 


c;*jJ' 






.g^ jj^iuJI ^^ Aitii^l <kujVl ^JAJ t-^ajaij (IjIjIjj 0^ jaau ^uHjII cIjULJIj 



4n^\h2iiKMI 


(^UVb) i>jll 


iaUull 




4/^lc- 




i^Ac 


1400 


800 


2 


3 


\ 


1900 


1200 


1 


2 


V 


2800 


2000 


3 


5 


E 


2300 


1500 


3 


5 


J 


2800 


1800 


4 


6 


^ 


1000 


600 


1 


2 


J 


1000 


500 


1 


2 


J 



<il^— ji^U ^^ — SjfiJI t>jll jA Uj i^^l jImwJI ^:ia^ ^ (1 
i_k ^l^J ^^ sr»c^ Jj Sjijyi J o^jLj (l6) ^j ^UL!uJl JJ ^y^JL -17 

iJ o' U ^ t/^1 J AJaaJi Aa^jjll ^^jaJ ^Ua^uj ji (i 
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<uaJlj AilSjli 



(.>aia^ 



70 
150 
160 
50 

75 



i/^lc 



30 
120 
100 
40 
50 
60 



• (egVL)oxjll 



(jlaia^ 



8 
6 
7 
6 
8 
3 



c^jIc 



10 

8 

10 

7 

10 

3 



%j^\^ AjIc (JjUII iaUull 



'C 



iaUiull 



.g- j>iu*ll li^ JlxfrVi A£±i ^jj ^ (1 

.g- j>laJlj k^\dJ aL^VI J^ ^jSfi f;ljii Afll£ Aj^ ^ (c^ 

dl-SjS ,^-A 1 oj ?^ j:J jUJi ^ :u5ljJl UuIjVI gpA U (5. 

U— J ^c*^iIJ 4^1 tlijlt o^oL^^ <j^\jA\ cAJJ1\ ^^ U AcjiJ 

?lt j^l 26 (^ g- jjAaII liA i> <vl«:iJVi 



C 

^ 
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OiJ^3 ^U (S«AU4 sJukkst]! iocAj^\ 



£:iUlJaall 

^'^^l i^W«»J ChUSSi V«U ,^Uu t2U^( a?c4jUl 

''-^ ^ Jjili il^V i-Ul W5 j,Ja ^1 c^Ukui Jib C.VMI 

:tfi- ^tU jjjjl s_^ jt 

5.> ^^ ^ sjbyi ,j^ ^ :Clji3iU6<> jjo^saiSA* -1 
.^-kiJl j-i^J ^^1 ji^ ^ij, ^L,^ J ,.. u,..j , 

^-^ ^ .^ O- ijbyi -i^j :CU,£ll6i> jja»u aiSi. -2 

-AJLSS J«s ,/ill jsa, .giiJl Ai_^| ^ujl JL.VI 5,,^) 

•Oio U JSI ,>^ ^iiss j,^ j^ iiv.^ ^ 1 

•os-i u ^I ysii u«ji Aiia j»^ ^iii js^ 

«-J JS1_^| .i» J^ ^ i j,y, ^^ .^^j„ jj^^ ^j^^ _^ 

^^jllj ^.UJI cijil J>u \^^ ,j£^| ^usyi OL^ ^j^ 
i-ilSj .«UJI Ail2 J_ j<^ ^ .^ j^ C>^''<>l^V' 
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j_1a ib^ j^ p^j^' ^^^Wj^^ ^-^^j^^ ^J4^tnruj i^LjJi (JsliaII (J& 

^)jucaaAJ cJjMtj (^J^l A^^ Jill J (^Lca&.VI ^.Sk^j^lj t^j^aiJI A^lajjII 
jL-£l <jSf i jiii *AijUl jSLSuJI lU ^ A^kiJi A:?^jJI UJ>J ^ 

.U.iii^i ^bjll Aa^J^I ^i^t 
Jjlj A^ ^jrtjtnVn ^J^J ^jJaUj c_)jLl j^^ ^jil ^^aaJi ^A-ajj3l 

3i;jUyeJf3 ^di»»J< -^M^^^f ^^1 (1) 

' / j^ • -^ r^N-i-* .1 * l^i:^ (jHojki L« ^iLyM QJj^J J.^J '^jLoC jLuO 

:2J^UJI»(1-1) 
u'j ■^'^ t^* djl j^jilftll i> <&_>Aa^ 4JC. Equation <bUx]l ja*j 

8 " 2lh3 "•" io*2 
5 "= 2U^ + i(_>*i 



-26^ 



: jA ^j Ja, u^ ^jtuLUi jjiljUJi^ 



2 *• 20** * 1 



IL)" 



JS_ill .iL_B j^ja U .oAUl o/ibUJ] ^Ji^ ^j^!^ ^^ 
^ M ^ JUi, ^iS c^^l ^ ^ jj^^ ^ij_, .f,_,j ^^ ^^ 




5 - 2i>2 + , 



o 



[1-7] ^j jiA 

.Undetermined s^^aMO 
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8-3^ + 2^3+ V2 
5 -3 ^2 + 2^2 + V 









ujljx— ilali .lie ijC C^:^aA J^ l^ JlJJJ ^^i Cli\s^ ^ Ul 

J tj„^ l^.i_c. tj— Axoju 1^-j1 jl Inconsistent 

.Redundant ^S^ 

.2l]la. JS J^ AJjJLoII ^>nMlj cljV^l*-a3l AC-jx>x 



^jL—mUx J. 



-254- 



[2-7] ^j J5Li 



i^.auir <u^«^r| 
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10 - 2u-3 + 1^2 
8 - 2a-4 + lo" 
6 - 2a-2 + IcT" 







(2) 


wU);uJt Jl^ 




;i3dUli 


^* 


Ui^^lj^. 


8-2U-4 


^-IcT 






JjSlI iJ:>Uil 


^ J^j^*^ 


U^ 











(3) wy;^ 


75- 


2U-2 + 


i.r5 




60- 


-2er5- 


Mu-3 




50 


-2U« 


+ icr'7 




^lidj 


Vi4i«..w* 


<iLJi o"V:>l*l* '<f-^ Ja 









(3) w£;^( J& 


u^-*i;i 


oNiUil 


iJlP J^ 4jl-J> jtP 


o^'iliUil iP^^ 






Oi^;^»d\ iJLP 
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.<1.U^ u-j l^ J>]1, .;u^ULj ,^ ^^ ^^, 

lAjjuai (1.2) 

-jl— .1 :L_-I^ .^ ^_, f_^ ,^^^^g,.jy ^^^^ ^^ 



> 
> 

< 
< 



,i.ia_L j^ j_^ J ^j^, ,^^ ^^, ^^^ ^^^^^ 
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f. t j .> i^jla tw ^>) 2ujLu»aJ tljULwJl Oljjliixli f-l^^aaJ ,ii& "2 
<^^ "^j AJLjt ^\j ^UaS _A ^UiaI) cJjL (-JJ^ f^ ^^} -' 

'X^ 10 (> J 7 d Jj^ 0^ : JC^ 
10 > 7 

10- < 7- 



:I:£a 10 o- J5l 7 J (3^^l JUI ^ US Jji« jL*j zjl, 
10 > 7 

10 ^ 7 .. 
2- 2- ' 

5- < 3.5- 
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(5) My;^f 
j^> J tClosed Half Space jl^- Ju uu^ i^. < y > J j^. 

Open Half Space ^y^ Ju Ul^ [^ < 



JL^I ^.i^j i^|_^| ^UUi ^ ^^^^ o^- Ui lii^ ^^jls 

^^ ^1 jisiVi c>y ^1 ju^g ^^^^ ^^^ .^^^^^, ^ ^ 

1 < 



lO- 



1 < 



2c>' 



13-7] fSj <^JW JtM UJ j*fi. ci>. LmLj, i^iUj ;i:,gij, ,i^ j^ 
[3-7] ^j Jia 
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Vi ^ 4^ Ajuji\ diUjUUi J^ J [3-7] Jl^iJI t> Ji^j 

li ft Ja.\j ^ ^Qaij (/I tJ ^ i^j * Jl»-« *ii3Ii- L&i Jc Space 



Polyhedron o>»j3j^ ii— «!» «-iaj^ — au* J^ jjjjSj ^^Sj 
t>--u ^ y^ 4^i (jJ jllj .i*-aijj 'iz^ J *J*^) Convex 

^>«j ^jj [4-7] ^j JS^ J .J^-iM (>i^ aLI^ ^ J J 
[4-7] ^^ Jli 




(^> 





(V) 



A 




<-*) 



(^) 
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e--> U3b cUUui U.^ UjU iAJoiJl A^jJI ^^V lHu,! jj 



(6) ^;^ 



Superfluaus or Inoperative^^Jxlo j^ J S^^L... ^u^^ 

• Inequality 

^5 — a Aii=OU Ul ^^ AjIaiJl A^jJl ^^V lHu.! jj jU^ ^ 

J ^ JjVi ^jii ^ (2^ c,i^) ALLS) g,^^ j^i g.y ^1 ^ 
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^Jxs)>, jl AjILu) r^jl t5^^ U' ^J"*^'^ ^-^^^^ Mj^' J ^Vnul ^jx lia^ 



(+ , -) ;,U)I ^> 



(-c-)^g»^> 



(+ * +) JjSi* ^> 



(- I +) cJUi ^)\ 



.[5-7] ^j ijl^l c> JjSf* 

:2uk;>JI y^ ^;yU}l3 U^iiJf ^^bJI ,o^ 

^ LiajJ US tAjlaa. jjc. AfDUli iJjSj tilL 1^ UjS tCulj J^ (J^j 

•[1-7] ^j Jj^i <iiij> 
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[1-7]f5^Jjj^ 



Ma*Jljut2iaM*Jl 


^.AaieJl 4^MaJ1 




2U*<Jj!HuJ' 


2Ly 


24^ (^Jl*^' 


ZD* 


1(^(5 jaiajl 


li^ 




















2 


5 




1 


1 


1 


2 


7 




2 


3 


4 


2 


9 




3 


5 


9 


2 


11 




4 


7 


16 


2 


13 




5 


9 


25 


2 


16 




6 


11 


36 


2 


17 




7 


13 


49 


2 


19 




8 


15 


64 


2 


21 
23 




9 
10 



tj-S S^j jl^ 1 j^ J ^^ikkJl A£)UJi JjJb. A^l jji ^y, Ji^^ 

jAj 20- J:?i2^ 4^ 2 UJjix 42.1i 4j^ j^ J\ ^^^ 1^ ^j^ji^i 

•2L>- 'i(J- (oMjAUill) oJjJilall ijaj <A^ <£)U]| J ^^ Lo 

io2 + 5 " 2t>i 



0^^1 = 2 



(2 0')-* 
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: J ^ W^ ^i*] JjVi AiiAJ jUjLj 

1D-2-- - 

i^_iV (lijli jjc. 2U- *1L)- U^ ^^2^^ <^yi JaaJl (Jl- J ^ Vj 

i i -v * j;ti (^jlJ l^ ^^ ^.iiauiJ ^^i J AjuLlil JSLUI Ja.1 ia-b U&J 
^JS ulaII ftl— a ^^ 4 jVi-i>\i ^j^ La ijU .A£ji^ tjLax pj j^x^l 
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JjVl yVl Jc, ^U 500 JiJ^ u^ 1^ ^1 ^ 
...iiSAj ;^l!ill ^i Jc. :;u.u 800j 

10 ^L^l J^^ iC^Uuia. 6 > S^ij o^j ^tijl ^ Sll^ 

W-^ 120 ^L^J t3--jtou -L-Jc 05JL-J %^j 20 ^tii) 

... ii^j 

.Synergy Effect ^>2uJl 

.LlaiJl -L?. J ^ 2^Li ^ US ^j ,i£UI i:jtJ tjji^L^^\ 
*Linear Production Function ^l-^yi ^b A^kiu ^^^ U 

Cr~^ cUL^«^l -LiS-u Jl j U AJaaJI <^jJl c-j^l jjV ?i JU ' 
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^LbCloJf ^L^j 0^5^ 

J «_-puua *2ukaJI Aa^Jjli 4^U^^ ^hVimlj tlLill*iUll (J:^. Oljkk 
J<.g 11 1^ jj^ **^;^ iAjisoJl ^ta^J^l 4-1 ji^^ <^ ^^^*^ (J^^ ^J 

c_L_c. jj 1 AC- LJji^i Ali^ jjaiObjective Function Jaa^l 2Ub -1 

r-L-JjVi -j^*" 0^ *-J^i i^ ^ J=S V ^akaJl A:=>^jil ejjiuil 

c_3 a^ ^\ Oi^.ia^i ^^Aa^ Jujj iCopstraints ai<r<uU ^^ -2 

j1 ciS li !i^ — a i2(ja i^(Jli tjiixi**! ^\ajj t> A^L«^ ^Uj <^^^1 

(3j-jyJl Ji t^^>*-aaJl V J^i lW^^ 4^ IfriA 4t-iJi^l lift t3^aaj 
Jj_xVlj *OVVl J ^l-^SJl J^^l J^ 2i£^ 5^liJ| ^J^^l 

cK ^Uaj 4^ bil ^ iJjUll J.^1 4^ U j^l :2uJLJi ffcJLii JUS -3 
- a JxL-jjJJ ' '* J ^jiaaJl <a^^1 S^ji*J" aL^VihhIj <I^!S^*i,aI1 
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JJ c. ^ d ^^jx^ t4^^ Ajiito. ^ CjIjI Cjljjilo jl jaI^ 

J-1 ^1 J ^ J\ UiL^ .^in^yi j^l^ J\ .il^l^VI >l^ 

O^^ AjxAj uil^l ^3jso^ ^ g.^^1 <ji^ ^ ^^^ ,^^ ^ ^ 

^X_X. Ul j>u^ AaXJl ^^ ijS ^_^j ^^i .S\l, <JLa. LUJ ^34^ 

Integer (4 a.^:^.!) J^VL^ <-^jJ1) a ^.j,\ ^ ^ _ 

t-^ >i ^ ^uUI ^^ ^ Jj ^L:.yL ^ikl; Programming 

'<^ i^ i^ oiaUi ^y^j uj^jiL ^4 



.^JaiJI <^JSi ^^\ ^Ijiil^L cMl ALU ijj^ ^ l^U^j 

(1-7)JtU 

^LJajV A-^tUl A_SM ^.^ ^ ,!^ u -tVi^ ^jH-" <^ W3- JS 
J— ^ <cL. i^ ^HiJI 42^ s^jll ^m (ijiluuj ij^ AoL, 30.000 

8.000 ^-a. ^oki^ 4S^i J ^^) ,^^ cix^ j:^ 4>j a^ij 
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.i a£ Ljajl t-J ^Jlali fjA %^j 12,000 ^jJuaSl .ia£ \ ^2laJI 4> S^ 

^^^40 A^60 iljjyi 

Aii=.10 A^30 2UlSi!l 

.ASj*5Ji ^Uj ^J«j ^^1 iulaiJI ^jjli :ULiu> jjjSj .'UJjlkA 







C^> 


^ilSiH 


JMdb^ 




^^.i*s 8,000 


3 


30 


30 


60 


1 


,^,i»s 12,000 


1 


30 


10 


40 


M 



?j ^ .naJ eijS io'i/l J>Jij J ^^1 ^J ^^ ^^ S^ji t> 
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•(J ^y^ uij^ CjUUj (^ 
•cU- ^U 30,000 - ^llJI J«J| CjUL, .xic- < 

.^u- 30.000 (> i^ giij j^ cjI^jH 

S^j 30.000 ^ 2L>- + ic>3 
^-^' SJC. j&«^ OJ 3^ J j^,^ ^^ ^l3|^ ^ 

ci 5;tuy I ^ j. vi M^ o^j J guji ^> sjb^j 80.000 1> 

-• C^-^7» ij — ^ ^ y^j it gSiJ o^l:i^jj 80.000 

5^j 8,000 ^Jlf0j6 
8.000 ^ ,u« .'. 
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(j-J (3 J — uJl 4ji ^3^^' u^j^^ *^^W t> * ■ '-^"v till is 

*^' S-»-^?-3 lPJ *SJ 2^^' t> *-^J 12,000 t> JiSl cj&^^ 
A-^ Ji^ liA J 4^^j 12,000 0=^ M s^» t> ^t:iiVl ^ jj 

oo^j 12,000 ^JiiOjSj 
12.000 > 2L>- .-. 

AjoSLaJI ^Jt& Aid Jjjt^ (6 

;js^^ui A^\Ji\ cjijjiUi ^> Ll jj^ ^ ^j ^1 i:^^ ^^ 

CjI jj-iiJl - A l<; ^A\ Aj — u.lu>Vi ol jjijlU ^^ 2Li3L- Sj_^.^ (J 

so 30 + 10*30 " J 

30,000 > 2o- + ic>3 

8,000 > io- 

12,000 > 2L>- 
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5 cilSijj .^^«^ Ail Ja c^lftL, 3 J »^I>JI :ui Jc sj^l J :itU 

..lx_i^l ^__^ 2 cilSbj .j^^all yl J^ ^L. 2.6 J .y,) >JI Afl 
.S_1,I>J1 y1 J^ c.kU. 5 ^ gti^ . giiJI ^U \j^\j .^jiiD 

C-^j«3 «lLj ;tU- 120 ^1 > AiU. l<^ ASjill J CMk IJJi 
M g-ii-Hj A_^ 40 .Jji- UsL- Luj 1 g3iJI ,^j <u^ 1000 

Ol_^jU CjjsI^ jSj srtAja Jt 23 .36 ^ .^^ j;jj=LiiJ| j>. 
e-ii-H a- s^j 20 (> ^' £JJ <jls V -uL ^_>ill ^:S 3^ ^ 

J Ci_-k ^ ^-^ A__:9-j. i j^ ^ y^UI JULi-ll ^j 
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'^^M« JH^ (1) 



c^U-it 






^9«<^l(»^ 


4i»t>» ^ 


oUiil 




40 


10 


1 


2 


\ 


24 


5 


3 


1 


t^ 


36 


2 


2.5 


2.5 


_^ 


23 


12 





5 


^ 






1000 


160 


120 





iJjl^ Ajjj ^.lau (3) 
^bcPj J V^^Ji^^t ^1 ^j31 ^^ JJ ^^ ^ 

4L>- 23 + 3t>. 36 + 20- 24 + lo- 40 - J 

^iiJuJ Jji Jb^ (4) 

150 > 4(j- 5 + 3U- 2.5 + 2L>- + lO- 2 
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160^ +30-2.5+20*3 + 10- 
1000 > 40" 12 + 3<j- 2 + 2U- 5 + ,o- 10 

20 ^ lo, 

16 ^ 2LH 
10 ^ 3(j- 

^ 4LH * 3L>' * 20- * ICH 
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^ti/IJiOA/l 



iui\jjii\^ Ct!»tSLai J>- uxJU tSLiiaaJl 2^jJl 



(J-^ 



•^j-cill JCiLk ^>i ^^jLiJ a^^i ^^^ i^i^ ^UJU ^Uyi Ui^j .v,^ 
•ajjiji^i <::j)i M»^' ^j^ ci^^l^A* ej«.L^ ^i ^uji :L«jiL ^ 

^^^f JiiioJjf o^JUt c^l^i^ 

o:)l£ — ^1 ^ Ja a^ikiJi ^jJl JSLU ^^.M^l jj^jx^l j.^ra; 

J— T^ u' cWl tj^ <Jl^ e^A ^^ cj*.^ jl (Uu,^) luU, i^ j^.-.-....^. 

Oi J kk jUJ ^jl^ ,iin J&j iA}SJLJi tiJ ^.SXaJl Jiiuoli ji^i 

; cj \J^ A^UJl a£iUil ^ ojj^l ^t ^^ J«. ^ (2) 
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.Feasible Solution Erea 0^*-» <^ **^ *^ 
J_l.Vl cM Ai^ -^ <A- V^-cM* J"^ ^^^ J^' f^ W 

:(1-8, C^ 

; 800 ^ 2lv2+io4 
1000 > 2L>-4 + icM 
1200 ^ 2(>6 ■*■ iU^ 

crtijuJI tP! c^^U^ JiJ*5 (i) 

/-j\ 800 - 2t>2 + ,t>4 

^2) 1000 - 2U-4 + iU-4 

/3\ 1200 - 206 + iL)^ 
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/inn 800 

400 = — =^c^.-. 

200. M=,.... 

•(j»— » 200) . (400 4 JlL^) 

250 = -^=30- oil 
2cn_1000 

(j«-a » 250 ) i (250 • ji^) 

9nn '■200 

-279- 



.nn 1200 

600 = —- — ,^cA 



( jft^ 4 600 ) * (600 * ji*-a) 
UiUs 4\Sj!l\ ^^ i^\J\ J^» (1-8) ^j J^» ^JiJ 



600 




iblL-jyi ;• JJ4^ fuojuu V iS'^J ^^^aJi Aa^jjll v-J^jLJ vlaUjauiLo J^j 
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:S--M jjJI jUiiii jLy Ail ,^.1^ UaiJI :ia-.jJI :L!jli3 J ^jj 

6-ilj .1 — jlli* ^.6.5.4.3.2.1 flSjVb l«J jLUI {c^^ cWI iiil:i.) 
v^ V* LyjiJ Atai* s^jJa-H JSiill 4^jjj tJU bk jlij ^ ill J^ 
•*V-- J>ffl I JA Jt A.Uyi ?^^ Jit ills ^1 ^_, :i.is«ll J^i ji^ 

<JM r-^ U-J •icH gSiJ j> SJa.j 150j .JO-, giiJ ,>. Sja.j 100 ^tisl 
u-fl ,>_JiJ IJIj .(100X8+150X4) 1400 ^ JOUJI .i* ^ yia^ -Uj;) 

uM r-5 t>j iiu" gSi-li i> Ujjij 175 ^Ijjjj ijj^ gsu j> <-^' • -_, 

.(100x8+175x4) 1600 (IL AiL^I ^LjVl 
s^jA-^ JL__ill ^j jj J^t Ji^ ^ (2) :iLi3]l J ^^ U J* J 

AiL_JI Jj_^ ^ uu]jl2 ^ ^lUi ^ ^ jil s^ li^ ,i,_j 
Uljc u Jt jlwi J,lSj ^ ..^jj^ js-j) ^j3j Jus ^ .LUiM J, 

•O-J^jS "^ Ja>l .iJc. JukaJI ^jjH 
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Jat—iill ^^ Aj «-J JjJa-«]i JS-ili c)-j3j jUi^^ Jl Ujfr^ (3^*- U jj 

X h Ullla ^J 2ukaJi V-Jjli 4il^ lWI JaJi tjjlj J JuVj 5*4*3*2*1 

800- 0x8+200x4-j (0.200) 1 

1600- 100x8+175x4 -J (100.175) 2 

1700- 175x8+75x4 -J (175 J5) 3 

1600- 200x8+0x4 -J (200*0) 4 

0- 0x8+0x4 -J (0*0) 5 

Ul\lo 4^ ^LjlxaJ* ^J^ ^^^^^ tJuV» lW» Jj J:?^ ^^L-li^ljili Ci 

75 ^J-^l <^ ifj^ ijp^h ^^ ^J^^-^ J^^ (^ (aU^I) o-^ jSi .IJfr ^ 

J *^ tjL)^ (^^^ ^^^ L>* ^-^J ''^^ E^l-' *^<-^ *-^-^^^ 2^^* <^ ^"^-^ 

A^^JU iiijLJI ilJliJi ijj .<m. 1700 jAj l^ u^-^ ^ ^^^ J^\ ^WjV^ 

.3bkaJI 3i,a^jJi l-JjLI ^l-iaJluil .iJC. ll^jpau ^ ^^1 ti jaVi JSUwll 

18 ^ 2L>'''2 + 106 
20^ 2(j-4 + i(>10 

jL-a ^ 2L>* Ml)^ 
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J^l 



(2-8)pljjs:A 




0.5 



5-. 



1.5 



?o; ^^:^ 



TT 



1^ 



15-. 



.(l) JUl ^^ ^^ M>-Vi u-*^ 

10- 0x2+2x5-j (0*2) v 

3- 1.5x2+0x5 -J ' (1.5*0) -* 

10- 0,625x2+1.76x5.. (0.625*1.75) t 
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<L1^ 3u^U. 301^ Ji^ U^! <> ^^^ ^^^-^ ^J^ *^1 -^^ ^^ ^ 

3 /.^M 21^71 ^>^Ud ^l^ a1> (> Ji^l ^ji ^^ ^ is^^ '2:^V* 

2L>- 2 + 1L>- 5 - J 
2.5 = — =2 L^ •'• jL^ "ic^ (J cH»Jia^ 






2 
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^j JS ill db ^_^ US (o *1) *(2.5 iO) uiikSill ^l.iilu.U 5 J^Ui 

t^ UU 3^ij 10 JjUu pj ^ eiji^t ^b J^ J ii^s^i ,^iu^ ^^2-8) 

8 S 2CM 2 

2 s 20. 2 + ,o- 2 
10 ^ 2U- 4 + ,u- 2 
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? J^( ;^JU:> ilCili j*^- ^ ?ij^>J^ J»^r^* ^ V^ 



Unbounded Problem 6^)^34 >ii 3USA* .^^njCM 

8^2(J*2+iU-2- 

8 ^ 2L>- 4 + i(j- 2- 

..w;. 4^:iB J 42a^*iJ .i^ u*-^ i:^iA^ (3-8) ^j js-ui ^ji 

,^^H- j^ AlLUl (c^* cW 2^ii*^) j^^ JU^\ J 




,///// /x^ 



la- 



6-. 



12-. 
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Jjau ^ C-b^Jl <li^ JUJ iacJ J (3-8) Ji^i O* ^' ^--y 

AjSI^V %Jj, Uu^ ^U A^i jj y J ji^ JaJ Jj\ ^jj AlUii i,iA 
t^ A HaJI ft^tA Jlo JJ^ *^^J -y^ U^^ JJC. lift J - Jj^i t> 

a^ — ^j^\ ^K^ <fclu^ ^Uil 4^> ja. iLi. v^J Jj joJb 4^pl«JI ^1 j31 

.^ jaJ 6^ aKjuUH Julauj (_>aaJ 4J^ t^U^j t^oluJI 
JJ— C. J ^ J&i- Jl^^ «IjI3 ^KJIa ^^^j ^J ^l«JAyij JpaJI t> 4j1 jjfr 

In Consistence ^UJ]II j^^ iJ\Ai h^idS SU&Lo \(7 4>^ C^^ 

uS-J ^ j^UlH 2 + ,u- 2- -J 

4 ^ 20" 2 + 2LH 4- 
16 ^ 2U- 4 + ic>2- 
10 ^ 2(J- 2 + lOi 2 



-287- 






JjSftaJ^I 



(4-8) ^ 



;jUJlJL«i( 




1. 



4 ^ 2LH 2 + !(>* 4- 

10 ^ 2CH 2 + 10- 2 
2- ^ 2t>» "•" lO" 
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Infeasible iiL^ j^ ifll^iiig *.(7 5n^ yj^^ 

-^j-^ Cijl — S i\l infeasible Problem AjSaa jjt 1^1 aKAJI ^ ^lU, 

O^ U (Jl 2LH 2 + lO" 3 -J 

< 20- 2 -,(_>. 2 
6 < 2LH 2 + i(>i 6- 
>^ < 2L>- *1L>» 



.(5-8) ^j Jl^l cilb ^^ US (^jVl <.t>Vi Jj?.j) UJ lUI^I 

20" 



^U)t JLS3l 



6 

5 
4 
3 
2 

1 

5- 4- 3r~T T 



JjSft aJtJl 



02 3 4 5 6~;i7 



uS^>lik> 
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J_au <.\ijli I4JDU c> u^ u^ (/^V?j (^i^) '^-ij^^ J^ u^-^ lK 
^ ^J^ ^laj ^Ji^. ^j jo^ (5-8) Ji^l c> (^» jli (^J) v^UI ^jll ^ 

Degenerate Problem iJdAO JJISniO '.^>) C^^ 
. j^ U jiSl 2U- 2+ iO» 2- - J 

8 ^ 20- 2 - iu- 4 

4 ^ 2(J-4 - iD- 2 
10 ^ 2D* 2 + loC 

^ 20- * i(J- 

^\ 

J *^\ — jjV» (iJs«3 (^ 4,*-»s (>jj MJ^ ^^! ^<4j^ ' ' ' ^u Ja^ j*j 

•.a<— nj ^ Jj^ U&jA t> >-y (6-8 ^j J^ ) ^i^*3i^ fti^ ;^y* J^^ 
(j(j- ji_eiJ j-^j) ^OS-lJl A^U-Vl vIjI jiiUI ^1 jj^Ja jA J i^ JjS 
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Jj*i* jjBi\ 




'^\il\Xfi\ 



IcT 



12 3 4 5 6 7 8 
tlUiiJI ^ s^l J <LSj t5>- Ci**jJ iiKAJ 6^ ^LiL^I JaJI Aiialo J (6-8) 

j1 jsLui 4> ^^1 jiA jj .AisA-B i:s:^ ^jjSii ijLc ^3L^ ^i u^i ^y^_, 

\ aa.V 4 1 (jiij KJ (Jbj ui . jj«^! ^Jmj uLA J,«-» ^ "'tjV- a 

J-aI ^^^I — jjll cjjL.Vl Simplex Method ^^* ^-^k^l ^^\ Jio 

>-^ O^— S ab ^-^J^ 4^yj* 4Jji-V» u-^ Aji jlj iukLlI A^jJI jSLLo 
V— iljaJ cWialL-j t>b,>ju o' J-jS o-SJj .L^^oC c-jjII M.Vi oJiA liSl 



'j iJUj ^JS^^^\^,)i\ iUcic. fVtJ ^M^ j^ ^»>Bt juj>» ju ^ Simplex ijr ^- (l > 
«^» ^ Communication a* ^JU-t •oa jt. ^-_, One direction Communication ju-ij .Uj 

iiJ» ^ v-Ui Jj^ ijA >U^1 > J^.V» JJ-1 J! J^y» ^^>:i *Uaf. ^jiJl_, ^/Ju^\ s^j^\ ^u,«^ 
.a~ UJ jw-t_- ur 4JLi^ ^ g«Lt 4^;fjl ii$^^ J dlt Uli.^ i»XjJ ^Jji Jj ji> j^l ^ 1^^ 
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48 > 2U-2 + ia-4 
48 > 2L>-12 + 10-2 

4(j*i + 30*" + 2L>* 8 + iija 10 ""J 

48 "* 3c>i + 20^ 2 + i(>> 4 
48-40-4 + 20-12 + 10.2 

ji*-a < 4(_>irt 30" 2C>'* 1 O^ 

.(1-8) Al^U^i 
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1x2x3 X 4 !4 



24 



4 
*:i-A 3__jL5u JjL^^ .^IS^suU V-^Vl JjkH jjiD ujU^ j*^ ^Vi j 

.^-i^ ^J ^ <MJ^ ^^] jL^ ^^^ill ^ 
C^-i^ C^ ^\j *^11^ Aa^uVl JjkJi (1-8) ^j Jj^ ^t^^j 
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(1-8) Jj^ 



JjUlt 2i\A JUJ 








f 
1 





48*48 


Aif- 3a- 


2cr" lo- 


^•^c^» 


240 - c 24 


4(^*2^/ 


Scr* * It/* 


2 


16 


20 1 4 


3iJ"'2^ 


4^/* * luT* 


3 


96 


24.12 


4U-* IlT 


3U- * 2u- 


4 


j^>> 


48- i 24 


3tf" lO* 


4Lr * 2^ 


5 


631 
11 


24 120 
11 11 


2u-* iu- 


4^/** 3U^ 


6 



^ JUb ALU) <K.l*i5 (>Vl Ja^ J (1-8) ^J Jj^i t> e^ 



i. \ t. ^ Id ^W?^ isj^ J^j 4^-^^^ Jj^^ -^^^^^ ^-^ <^^ t> 

^; ...^j^ 4>-^ 2bjS- 2a^A*l ^iJifl Jjkil Xic jn^U : J^luull 



: J, ur 240- c 24 o^v> jJ-i ^ Ji uuy oU '• ' 

48-3tr + 2cr2+iu-4 
24-20-.-. 48.2^2/. 

48- 4./ +20-12+1^ 2.-. 
48-4u-+24xl2 + >^ 

240--4a- •• 
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!50 



1(25-50)25 
•tf >' <3j1»j mi»-J »> •tJt l* Jb. isu .dlij j^jij 

i#>_ki, j/i_ij ,_,.£i,*ji ^^jUV i-iij«a j.jkiii jjijui ji\ litj 

.(1-8) ,J J JLil JXi ^ dli JJJ.J3 




JO" 



^^> * "■" Vjl»J kljUlja.) »/^j aI_». j._^4^ jLiB j« (jLmII 
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J< *.ti (JtJ^J (J-^ aJ /«— A 6 Jjl -> a\\ AJLSjIIj (l^ <IaSj JjJasJ jli^V 

tjVlj .Q ^4^J JaJl JU^ ^\^ c5^j o^aLLII (jJJ isujj ^^\J UJJSj^l 

^:^ t J\ j;!^ 2LLLli oiA ^ Uiiill ^ Ujt (1-8) <*Sj J^l ^^ <>» 

U—1* Routs <iJjLmU 6^ J^ t> J^ lM (jM Jjx^jll (Jj bjjL ia 

jL^uiaII jI A tt-Jt >4^ jImiaK j» —At jt Skt^ jLaxall Jtj-aSi cjuwi (jit 

cM (J! cJ>-ajll o^ ^ ^ .k:^j .Pivoting sjUaSi-;Vl>*i^ 

Ijb. ::ys Iji^ j9jj jt jft^j V WjI c4x,S<^ jjc. -uliJi *^ </ cjV jU^ 

^_j Si t^^H^ifX will AhVwni ^1 JIL tJaJij .AKjjUII (JaJ jjj«'lnl>ftH (>oj3l (JA 

:£upifHiA&i<a&^(i) 



2L>*' 3 "*■ 10" 
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10 > 20*" 2 + i^ 4 
8 > 20-3/2 + 1^ 2 

6 > 2U- 



.(>) (^jUj ji t> Jal ^_^l ^^^ oUjUUl 

..-Li^l A}\^ ^ Aj>^ ^jX^Ua aILU]) CJj^Ci^\ ii.b 
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,Jji\ ^UJI Jl 3u- lU»1*^ >1*» AaU.} • 
.ajjIjB ^Uu!t ^] 4(^ JLUlt jM^t aaL^I • 
.3iiO SLuUuM ^ 5ij- JLUH jJilJi 2^1^] • 

10 - 30» + 2(>2 + \(jA 

8 - 40- + 8/3 + i(>2 

6 " 5L>- "*■ 20- 

:^^^ lUJ jaiJ ^ILl^ A^> : (2) ijb> 



5L>- 



+ 4t>-0 + 2L>«3 + iO»4-cHi ^ 



10-5U*0 + 4C>-0 + 30-+202 +,o4 
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20" + IcH 



8 - 5t>. +3t>, + 20- 8/3 + 10-2 

6 * 5O- + 4O-0 + 3O-0 + 
oi*-a ^ 20- ' lO- 

.S^jJI juj JSai jj^ • 

— * t5^ ^^j 4K.U] jjjSII ^ o„<;Vu..j jj^i^ ^ j^ ^ -3 







lf:*Jj OoAl ;ilb OfjsAw 


j^ 04*^^1 ^j 


3 

2cr* 


4 
1^ 







4^ 




34/* 


cM-'f^ 


>»OljA:* 


2 


4 








1 


10 


3u- 





3/8 


2 





1 





8 


4u- 











1 








6 


5cr^ 





, 



















Jj 


3 • 


4 















.^-.f 
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:JjUI JjJpJI ^ cZliIiLjJL 



.Ak-ft (20- J 1L>-) 4^1m»^ J^ J^Ij 

vjaJi j>^ <>>» 4^uVi jjii^ii j4 u -3 

? JaJI 4> C J>^ <-^>^^ <^^^ ->^' JA U -4 

:^^Vl^ J^ J>^ t>>5* >^ ^j^^is^i^^f^^J^ H 

2.5 - 4 ^ 10 - 30- 

4 « 2 ■'• 8 " 4L>" 
.jja^ V - ■:■ 6 - 5(J- 

.(3^) ^^ A-*ja JSI CJ3wl-. J4ijxli jlui.) ^ 
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'•^" '''•" '-" 'J-*^ — > LMjSj ^^ -ujii-j cij« UsV Pivot i j^JI ^j ^-.j 

•(3U-) J=JI i> CJjiJl J*>JI Js!«*ll Ui^ 4- lo- JaJ Jjijl 

c>-* t>^->- r-5j» ^^ Jj^ <J e?^J) 4 J* SJ3JI <ij ^ 

.(SjSb 

•(2 f^j Jj^) iiJ?. o-SL«^ Jjj* tjjjS (4) ijki 

?jAja. ^^,iSL*y JjJa. ^jS3 cA^ tJjS 

.> us ASjis 1 - ij^ ^j ^;,is I ji u yu ^ • 
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2 4 1 10^ 
4 4 4 4 4 4 



i * 1 * iO *4 *2.5- 



2 4 

:;ifii ^Oil*-!^ JDU t> ^ ^j 






3 - (2.5 X 2) - 8 - 

i_-(ix2)-0 
2 M ' 

l-(0x2)-l 

>--(0x2) )-0 

>--(l x2)-2 

3 V2 J 3 
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ifuJj tJoAi aib otj^ 


Jf«-*^y'CHj 


3 

2^ 


4 







4tf 





J^'f^ 


JJ-lOljou* 


1 

2 


1 


, 





1 

4 


5 4 

2 ^' 


lo- 


4 


5 
3 








1 


1 

2 


3 


4u- 





1 





1 








6 


5a- 





2 


4 








1 


10 




JJ 


1 











1- 






jJ" Jf 






. JoAl aJb Otj5*ai SJUpI X O^^l ^^ i^^ 4^jJ?» 



|l = 0x0 + i-x0 + ix4l 
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,j ,_t^ a^ - i-ijjll yb cjV jU- fjS 



j<J- j("-^(^ 



1-= 1-0 
0= 0-0 
0= 0-0 
0= 4-4 
1= 2-3 



? JiJ J». t3*Ul Jj^ ,^ aJ lil-ii ^iS JsJI Ji*. i> -4 

(3 fSj Jj^) .ij^^ 4^>,£k^i Jj^ (I^jjSj :(5) ijl^ 
.(4) Sjki. ^ '^LA\ oi<.i j^Vl (j-ij t^l (^ "^ 

,iiJi J>i (>>i^ J:?^^* -^-^ "1 

t^^ U£ 4>J1 t> E j>ii t>>i^ J^^ -^^ -2 

2 2 ^ 

5 5^ 
9 3 ' 

6 -» 1 -^ 6 - so^ 
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.^j- <Ai J Vs.l-1 4U« J* JaJI a« CJjill J*>ll Jiiii-ll uJJ 

.(4U-) lW U* EJ>J1 (>>JI >iJ Ox-j (ju") (JaJ 

5-1 

3 1 2 3 

5 5 5 5 5 5 '"^ 

3 3 3 3 3 3 

1^4).-.— -.1 - 
5 10 5 




5 Is 2j 2 
5 llO^'lJ 4 



^-e4i-» 
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ji- =[oxi]-0 



1 



_(«— = Ix— 

:^ US >- J! (1) ^jD ajj*2 -M 















10 



1 - (Oxl ) - 1 - 

- (0 X 1 ) - ji^ - 

0-(lxl)-l- 



3- 
5 
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(3) fij o-OL*^ Jjj^ 







\0'P- 



20'P- 



^1^-^ J^ oSl^\ :iL>I V-UVI -.j^l ^ui JU ^ u.^ 



?-J 
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20* 4 + i(>i 6 " J 
12 < 2t>* 2 + !(>» 3 
4 < 20-+ ilh - 
< 20* ' ilh 

iArtificial Variables V<^ j '^^ j:?«^ ^Uaj ^K^l a^ JoJ ^^juJI 

L-LjJj J ^ U Jj^ 4^^J *AjLJ^i ^K^U l^ ^£3^ V ajV ^ J i^J 
Jj (<) ^^^\ ^jill t> cJljljjULall JjjaJi AjLS ^ cJjsuJ tjVi U&^ (iUiiS 

.LliV^U-ft Jj CjUjUiJ cfejau tJjVi SjkaJi 
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•(jiSla ,«il. ^>j ^^j _yii. yuil Jli o- >^ fij 

•'-i^i yij ^ ^.iSUBj v*jll v:.lj»i-ll j»Ja Jj ^v ^ 
•V" >jJW y »- ^^j ij^ ij^ i^ i^jS oijaiiji jib 

:m^ OVjU- J! ;LUI AlLtJL ^«iUJ CjUjIiJI jy^aul jjj 

•t^in iyji^a ^pj j^^. ^^j» >i.ii yuj • 
..i*a5s ^y^ ^^ ,4^ ^^jj j^ii^ aiLij , 

'.<^\ Sj^l J6 ALUI «LiJ CjVjU- jv^ ^ ^j 

12 - 40. - 30I + 2(J« 2 + 1^ 3 
4 "• 60 - SO" + au* + lo" 0.5 

.(^^JUI <^ 4i ) s 2U- ' lU- 



-309- 



r^^^iuJI J:J jao i(KA^I A^> (2) ij3^ 
:3Lii^» Sj^^l (^ ^tf^ cj^i Alb J t^i 

6L>- + 50" r ■♦■ 4t>' + 30- ^ + 2L>- 4 + 1L>- 6 - lK» 

12 * ec)*" "^ 40* " 3LH "•■ 20*" 2 + lu- 3 

4 - ecH" " 5t>* "*■ 4t>' *•" SD" "•■ 2(->*' "*" lO" 0*5 

, 20" * !(>• 

.-(1) ^j ^^.^LoJi Jj^ Jj^- ^^^^ J^ A?^ : (3) Iji^ 








4^ 


r 


f 

3if 


4 

24/ 


6 

1*/ 


J^'f<^ 


j;-to\ys* 







1- 
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3 


12 


3^ 
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1 


0.5 


4 
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r 
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f" 
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f3 


r3.5 


16 




.J 


r 
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f3-4 


f3.5-6 






>!-/ 



-310- 



•^ MlL^ »jM ^U ^j ^ ^u-) ,^ ^ ,^ 

:,j^lS tWi 4> 2J>iJ J*>ll JjiiJ ijJaj fi, (j^ 



* i>Ji fii j^ . 



Oljijil, 



4 - 3 ^ 12 - 3u- 

8 - 0.5 ^ 4 - 30- 
•(^^ M ^ M-H 3a- ^ J.JI 6- cj>Jl J»>ll j^l 
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jzji Jjla j*>a j*i-» i>«i> i^^ cy e^^' 3 fSj J* (z 

. JaJ (> 2J-^ (>>«J' JJiUI <_i 

1- 1 2 3 12 _ ,, H 
3333333 

''^ 3 3 3 

:^Vl£ >- Jj (0.5) Sj^^i Ji-.' f^jll Lij=^ -2 





5W <-«-» SW <-•-' 




2- (4x 0.5) - 4 - 




ji- - (Ix 0.5) - 0.5 - 




2 ^"2 ^ 

±= -xO.5 -1 = 
3 U j 




i-= i><0.5 -0 = 
6 U j 




1 /'I ^ 

i= i-xO.5 -1 = 
6 U j 




!- = (>- X 0.5)1- = 
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(H» 


o»^^ 
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ii^ 


Sif 


3J- 


It/* 


!»/• 


J^' 


cM"' 
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>-» 
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>^ 
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r 
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'f- 


6 


24 
f2- 




.J 


f 


1 
'6 


1- 


ji^ 


-'1 


2 






.J-/ 



•0 J - J ^ 



2 
3 



6 = — -5-4= j^ 



2 

3 



3 = --i.2=3^ 



.^ c5l s^l-- 5D- > lW J>^ (>>« j^iUi ^^ij 
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2 

g— * JaJi Jja.^ Ja>1I jjilJI ^>4fr ^\ii t> gjUSl — ^jll Jib I^ 



. JaJl 4Jx ^jjaJl Ja^aII j m A lJ 

::Uix ^n^Vuni JjJtai. (jJjSj :(5) SjlaaJI 

.^cia.^ 1 J! *J^* f^J (Jjj^ -1 

2 

.Ai.^ 2(>> < tin jA ^Jifil) 

2 6 2 6 3 2 2 
32322 3 3 

3 3 3 

3 12 1-^^^ 

2 4 3 4 ' ■ 2^ 

/^ 



jL>a>Jl 2c>' i-Ls X 
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>— = Ix— =- 
I 3) 3 
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jflo^iyi 
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2*/* 
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2.5 


4 


6 


24 




iJ 
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2.5-r 












.J-/ 



.Aji^ 24 pj 4^*-ail 
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Q ^ CjI j^skaxll ft^ JafiL SJi\jax1I Ajl^laau ^jn^^Umtl UJjLul cWj (^^1 .^ 

.a^.ri\i 2LJU ^ j^b«j ^u ^ p\y^ Aok^ V^j^i ^^^^ 



.*JaA» aJb ») J.U* jfTl jOi 5^ 1 000 t)*j»- Oj^ f j*jU 4f ajlp UJ JiJb^ jwij j 
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CJ\jJd\ ^\ji\ 



i^^i 1^ ^y^t J^l jjy ^ 



^" 






*^J Vj Oljyii. 


5 -j'Ult otjjidH 


jJiii iltUJl otjMl 


L|3U»1 (^, O^jJc* 


jb— i^ cre^" ^ J 


o»js — «;* t*j l,J* 


f^>Jl jA oLiLiUJ 


^t c3>Jl ^'U 




J! ^J *j ^Ul 


5--J Jlp t^L-JU 


*>-^Vt^>J»j^ 


^^'XHJJ.*^ 


r-^t *->>Jt 


ia ^^ ^ i:.LLj] 


al<.»..ll 




^.V» ^>J1 



-317- 





















^ 



I 
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3 3 
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i ? "^ 
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J3 



•^ ^ =5 
^ ? -^ 



^ ft 
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J3 
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^ 
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1s_ 
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^3, 
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.5 



•1^ 












^ 1 
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:1. 1 



1^ 

-3 









3 



:i> 1 1. 1 >) 1 i 

3,1 •!-, 4^ .?, 



J .r 



jvi3 .^in 



3.J it^ 



b -^ * 
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•:iA 4^ .j^l :Ulj ^,1^ Jt Ji:i3 Utj .1^ (^^.^1 A^ ^ ^:^j| liji^j, 
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:0t ^j^. 



12 > 2L>' 8 + \(ja 6 

4 < 20" 6 + !(_>« 2 

< 20* * 1C>* 






:Oti^ 



jJmJ 



12 * 2(jii + 2<>» 8 + nja 6 



4-5LJ- + 



50" "»■ 40' " 20' O -^ lU- 



6 + lU" 2 



5L>- 



20-* lO- 






(l)Jj^ 



1- 




4J* 




3J* 




2J* 
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2- 


4- 
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(2) Jj^ 
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5^ 
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IJ* 


>' 
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«a^jj(jyj 
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1 





3 
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3cr 
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6 , 
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1- 


















.J-/ 



:^VI Sj_^l Jt (JijijJI yb j^ ,il3j ^j 



40" + 3tj. + 20. 10 + lo- 2 



"J 
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4^ 



(3) Jj^ 





4J* 
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ia*-jHjyj 
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jJ~ jf 



(4) Jj^ 
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,,j; r- >1 >:i- -^1^ C-^J:? Jj ^^ '4 -gs^^ J^ ^^-3 '^^ J>^ 
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•iM— ^ V J U ^_y. AjSlill y&Jul oij*i ^J .^liJ ySJUl li.4^ 

Sj.,--JI ,,_Jft Ujjj=^ j« iKiJi j^j 134 i 30 .24 .Sgii. JS 

u^l-j4i 40-134 + 30* 30 + 20.24 + 10. 8 -J 
40000^ 40-8 + io'4 

126000 i 40-12 + 20. 6 

2000^40.2 + 30-2 

J»»-a S 40" « 30" ' 20" » lO" 
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:^H\^\6j^ 










7t/ 




6a* 





134 


30 

3^ 


24 
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JJ-'fJ* 




ij?-jl( jv(j 
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4a- 
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11000 


2cr 
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SlT 
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134 
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24 
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1084000 
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15- 


4_ 


7- 











10- 






.J-/ 



^LJJ a!^ :i=.jj j J cJu^ ^j Ai^Ui aX^Ul jL.Vl J=J1 Jj:^. ^ 

^j o ^j (JS cJ^^JJ 7L>"6£>'*5L>*' ^^^^ fclii jji^l Cjskj 15 t4 t7 i^j 

iU^l jUajVI J t opportunity Cost ^^A\ ^^L-ajflll ^ilSj t Shadow Prices 
* ■■'^< JL31 jU*-i ^ ijicLuaa Qi\ (jA ^^Viiin b&^ ^Accounting Prices 



tr- 
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Additive 5^«i»;>yJI ^^^jUJI :Vj| 

J <K.^I js^ ^> ii^ US .15 .4 .7 ^ Jkll JuJJ Ja^oL 
^ j»!j .20000.138000.40000 ^ Altiiai ^uAl ^ i^iiji :uLyi 



28000 - 


tuuuu 


X 7 


604000 « 


126000 


X 4 


300000 - 


2000 


X 15 



1084000 

Analytic iJA>3}\ ij^l>J| ; LuU 

^Ua] ^tUl ,j^| ;uAi_ ^^ ^ ^^, ^ ;u^t^, ,^ ^ 

'(J Jj^l U^ <.liia. tcjji^i <]b ^J 

28000 « 4000 X 7 - J^Vl ^j>JI <xaU. • 

504000 - 126000 x 4 - ^i::i]| ^^^1 ^^Lu^ , 

300000 - 2000 X 15 - ,l^| ^^^j ;;^^ ^ 

c>-^ ^^^-9 <^U. 0J3JI JiSl > ^li]| ^j^] J^^^^^j 
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•I^tl^ 



Economic Evaluation (^^UcSVI (^^ftSxJI ^l> :ISJU 

4jj«^ J .L-H^ .^tiJi AiU^i J ^tiJVi >-aU& 4> ^.11^ >i\io *in«i«u 





u>jat alb ^ 






134 


30 


24 


8 




ai^Lijj 3L-.uSi otjsai 




4J- 


ScT* 


2J- 


iu- 




56-8x7 


0-0x7 


0-0x7 


28-4x7 


JjH\ ^jjl» 


48-12x4 


0-0x4 


24-6x4 


0-0x4 


yuJi ijjlt 


30-2x15 


30-2x15 


0-0x15 


0-0x15 


vUuJt ijjH 


134 


30 


24 


28 





(.UijVl 3 ^i^ ^^ i^jUJI oj-iaJI ujjSj a* ts^*^ c^jj u' J4j 

J ---^ JS (> i^lj i^j c;tu7 <-J^I «UJI iiJSi ^^1 j#ii UJ 134 
,^ gji-ll 6- i:>=.lj iJ^j ^^y <*S^ yUJI iiJSa J J! jj^ 28 fSjlli 



-326- 



Complementary 2LluoJCJf 31*^1:^1 :l^r 

•* * J 

•sU" al.yiiJI jijij .jJi\ ^jUI a-jS ^jL 0=^ liiULJl 0-jVl CiJUi 
J— Jj >j <^Vl JaJ O-^ j^ fi j^ ..^ *sL)" =*25lill Cjj^ilJI ,j* 

.assai ^U^ ia.liJI AilLK JS I Air.. . I 
.Ui^S:^ A^liJ aJc JU^ |j*j .iji^ ^jUi jL.Vt JaJI Jjj^ 

.1<_JS o-ilj ^lill iJLl-l i^U.ail o^ U-j,^ J -s-^j oVlj 

?Vl^ yiUI t3Uiit l#J3U. 4> 
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3j20000+2c5l26000+ij40000-j 

<1J4 
24 < 2^6 
30 <3J2 

3J2 + 2^312 + n38 

>u» < 3<3 t 2<3 M^ 

.y^Vl A^Sui^L l^Jj <^l cljliiUilj ^U^l 



4u-134+3a^0+2u-24+1a-8-, 

40000 > 4.^8 + 1^4 

126000 > 4^-12 + 1^ 

20000^4^2 + 3^2 

< 4cr"3c?"2^'1a' 
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40000 
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7^ 


6v5 


5^ 


4J 
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2J 


i<3 


JJ"' 


JJ^' 


io^jJt 


1- 


1 
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1 


7 


n3 


40000 
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8 
1- 
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1- 



















2 
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4 


2J 


126000 
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15 


''^ 


20000 


1- 
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8 

o 


o 
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j J- jf 
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cj>_o.i d^_^ 4j>_iik_>j| 'Ai,j, ij5iij| y^JJl J^ ^ \-,>>A'.... | . 

C.lji_iUl J_» j__jis CijjJi U^Sfl yLU ^ Jill JuJ :i^ 

. V-Vl iJiiA. 1<3£)U^ ^ U_^ i^iiB ^lii^lSLUU :l^uji 
^ C — #— J l^ jjjill oto J t,i«j u-iUaJI (>S»lj <,2iai AKUi ^ 

.AjL^VI ^KAJI ^ Aj5\ill AKi-Jl AjSlill ^]S,iJ . 



ij* Ci' 



-329- 



k^ji fjji^ ^^ ^^-i-"^ -"^ o^ti obll i^A 4^ "Wolfe " ^ ^j V^* A*^\ 
J_=ai J>-^ jI3 Jj^i ^» ^^ t> J^^ J^t -0 5JS.5uJi 4^ Jj^ iifr 

23 l3^^ «ji <3iiax 4^J l!^ 4^ IJA ^J»^i <a.jJ OiLS 0^ *^* JJ«^ 

.54 -2 X 32 



d 4jJ*-«^J *AjLaJI -iA-ftjJI J>^ ^ Jijil aKAa jiiau 
l^ 1 Ja. jlaJ 0^ -^J^J '^^ ^^ • J>-* </^ t^^ JSU3U Ar^lu^ U^ 
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.(6-8) ^j Jj^l tiUj ^jj 
(6-8) ,J>j JjO^r 



«*^J uiJ*5ll< ^^jaJLl Jbi-» 


Cf\fiiy^\ 


60 


t^-U 


10 


S^^^l 


60 


cr^jhJ' 


30 


JJ4^^ 


20 


l^ 


iu^j ^t 170 



•(7-e) ^j Jj^ jt*i.^ us I4JD Aiivi 

5a^j 1000 J^ j>^\ JlJ\6 (7-8) (»Jj JjO^r 



^i;i$u» 


^. 


JJ«i*^ 


uriy^^ 


ljjM\ 


\i^ 




100 


360 


500 


160 


300 


240 


hjj:^^\ 


60 


220 


200 


300 


440 


420 


5>bUJt 


50 


400 


480 


300 


340 


300 


a-«-.j^ 
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cj ^ ^^i Cilia. jll J^ifr) JSjJl Jj^ OUaJJ ^^ ^j^\ c_ifrjp \j^j 

(J_ajJl (^l£j (3jSl3kJ 4_^j ^^.i^^ ^^Ij (g^^j^Aj-iX JS ^^J ^JjL-a-a (j£ jjx l^jiuii 

-: Jj La (jiajjaj AjI^I ^j Ufr^i 
•2^1 jii ^Jjl-4Aii J\ (Ajjiily.1) (^ jIuiaH (> i2jil»li t:j|^jll jj& «=320' 

/XxJ ^ lUA. ^ijxx jJ o J CA-a , -B AaiLoui AJ^jbUAJi A^Ux^a Ijjlc. ^jAjau /-Si « 
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^i4Ba» 


^^ 


- 


)J^^ 


trJi-J' 


ijjM,\ 


MCL^ 




100 


360 




500 




160 




300 




240 


^jJC^^\ 


51U^ 




41c/- 


31 l/" 


^ 


i\Lf 




llcT- 


60 


220 




200 




330 




440 




420 


S^UJl 


52Lr 




420" 


32^^ 


22a- 




120^ 


,50 


400 




480 




300 




340 




300 


a-«^j_^ 


53^ 




43^^ 


33Lr 


230^ 




131^* 




20 


^30 


60 


10 


50 





5iU*360+4it>600 + 3,(J„160 + 2,t>. 300 + ,,o- 240 -= Cj 
52oe20+43t>200+32(_>«300+22t>440+12(j- 420 + 
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53c>- 400 +43L>- 480 + saU- 300 +23C>' 340 + laoQOO + 
JJiAj JjVi p >5^ *^jjS1I t> ^jj :to.jjs i^UJi ^il*JuS Jjjs ;> U 

50 ^ i3L>- + 120- ■*■ no- 
lo ^ 23L>- "*■ 22LH + 2lU- 
60 > 33t>- + 32U- + SlU- 

30 > sao""*" 42L>-'*" 4iO- 

20 ^ 53t>» + 52L>* ■*■ 61L>- 

.aS^ ;£jUali ^U^ A5Uaj A^UJl ^j^l :\^ 
100 ^5iLK^4i<>f** aiU- "*■ 210- ■*■ iiO* 

60 ^52L)^42<-K*" 320* "*■ 22L>*' "^ ^t-H" 
50 >53C>^43C>^ SSL)- ^ 230* ■•■ 13(>' 
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^^i^i^^ ^j}^l CibJbbtt 

CjijjSfl fJtS :ia.k ikA^\ Ajiu^JSi s-jjlJ . ^^'.-j J- jii ^^ ^Ji Jt 

J>-^jH ^j AjiaaJl V*jj3I ^i-^iou,! t^^^ J ^>^ U t*lUA (j*ul (l 

1590.5 ^\^ t>-t ^..ukS. 5 a^jj :IKA-J bu >- J ^^iu IJU JllJl 

W-^ UJ—^ -^ J>»^Sfl (> J^ t^j . V^Lo 299 % 2:^3 J 'UJiJ^ 
J_^ ^>^ ^1^.^ i jj A^] J^ai jL«j !5llaa c^Uli^ \juj^ ka. Jloj s-uj£iSl 
^LjiiVI j_j:u ^^^^ Ajl tujtJjMj 1590 Vz ^tojj y^aj) A^J^l^ ^iJS-!l* 
iSjk] CjVU t^pi ajI jjfr .ujJj^ 1590 JJ J 1591 J) ^j3l li* ^JjSb 

jij-jSj i> i-ujiiii ^aLfr ^ ^jjj ^ u ijiij ^uji Lt^ ^Vi jjuj ^ 

(3_Ux <11*mJ| tiu\£ i jj ,a1j^\ <a.jj ^_^ ^Vi uj^ d^ <^V? <^^ 
O-JiS 1 « bj bUs.1 J jSlI Jiila Ajii V ^ <^\ V*j^i ci *^^^ <aUa 

^^— a ^^ 1 CHaj«J <-ijA- t^^^J Aaa^u^ jIj&VI Aak-ftjj JjkaJLuil ^^ JU*^! 
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V J Certainly ^l—jli ^1 j3I <A*^ja ^5^ ^jlaaJl A^-ftj^l ^'-^y^ f j*:? (2 

*^ iyA c-illa31 ^_^ frUj £\jJl)U JEiaVI ^j^* -^-i^ aKoIo JLo S jLU^I 

J& j^lS JJC. j^ ^JaaJl ^^>-ojji3 j^L-oll JSjiil (j\k tALLxJi S Jjail ji ^l*]l 

ujj ..1 (^^i J Probabilistic Programming <jSUua.Vt A^^jJI s-»j1j^' ^»^:ia^ 

^ jl?^J* ^ Cjjjij iW (J >^Aa S^Luix -^ AjlaiJI <a^^l S-'J^^ Jjiij 

^I^Vi niL J^^^ill ^,hVi V U^L l^ U^ Cj\£iUil < fl.nn ^^1 c^riiS-Ui 

.Nonlinear programming ^^jiaaJI jjc- ^^x-ajjll c-jjLil 

^ A JxkUjll AAjlaJs 4Jfr Jlltxll <Kji ^J AjlaaJI A^^joJl S-ijlJ a jSj /4 

Lja^l CA^j^ ^^trfTi^i ^jLojJaj ouVuil AjSjajJI <jt.^aaJI ftjHit''i a-a r^Jt ^^i^^^ 
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^jL^\ 3 jjL-i ^X-& Uuiulj Ua^ 4Jl:JI oiiA ^^ jjJLoll ^U ^1^1 ^ 
^l—jS (J*^ u^' *^ c^ iA] ,^jx» ci^ ^^ ^^ ±^\ A^jkiJl ^j^l 
.Goal Programming J^Vi ^ji^jj mj^^ J a4.".., 1_j jjjull 

ijLaj V -Ul C.>^>? ajiJ i^jiaiJl Aa^jiil SJjLiV ALUI Cljb.lxx3l J^ 
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Integer Programming 



£^LJI Jaiil 



Integer Programming 

oli i^jlc 'aA^ ^^ ^iLi, :u^^^| jj)^«^u ;^i^i ^^, j^ 

>-^l ,^ — Id ^K^) ^^^^j^^ ^^ J «3L.j.u^l jijitSfL VojJi v^i 
CjI jaJO^i ^_p:«j ^^ Uiifr^ .^jijta^l ^^1^5,^ '^^|_^ ^^^ j^(^, j^, 

tr-^ia^ ujjijll ;jU. ^ j^ ^ JB sl^VI ApaJil JUj^wi ^ilU* .dlJS IsS*. 

<— jL^ *Ij=.J jiu (^jj>ill u- OjSj :a Jj .k« Su ^\^ J;J| Jty 
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2^ 4 + %(ja3 ~ J 

11 ^20*2 + 10-2 

5 > 2t>2 + ^^J^iZ ~ 
ji*-a < 2(>t * i(_>« 

1^ JlaLit]! j:UaJi ^L^j ^ ^Ij^ (Slack ^Ic- ^1 jmIo ^LJo] (J!^ 

11 - ig^ + 2cH'2 + 10.2 
5 - 2j^ + 20- 2 + ic>« 2 - 

<KAJ j^..^^ j^SL^fj cjL^jy ^j^' ^Ltjy cJ^jjiUji^i (2) 

2g^ + 1g^ + 2t>« 4 + 10- 3 - J 
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11 » 2g^ + ig^ + 20. 2 + 10. 2 
5 - 2{^ + ig^ + 20- 2 + 10- 2- 





2t 




It 


4 
2^ 


3 
I0- 










1 


1 




2 

® 


2 
2- 


11 


































4 


3 









^U ^ Jj^l ^>4 j^\ ci^l t^>su J 4^^ ^al«jll jSUSu. ^ Jul) 

-^ JiJ— «^1 >J . J=«^* J>^^ t>>JI (^LmiVI >«l*ll .ipa^ J 
tj^ US •■^J^a^ fJUj . JaJl (>• ^jiJ t^JJI Jklxll jJilftH ,ij.iau ,«^ 



(jaJi jji.^ t>>n j,jii»si ^ ^ cW» f^ 

5^2 . 2 ^11 

2y2 _ 2 '5 






jkj JaJI (> ^ jjaJl (>>11 jjilJi 2^ jailJl jLoj (^^Mjj 
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J^>li jx^JuJi ^L-Si o* ^USi fSjli >j aj^fit ^j .i^^- ^ 
2 ^j» . J:J\ t> jr j>ii <>>i^ J^^ t* <^^ '^-^'^ 

10 2 2-5^ 
2 2 2 2 2 

1 1 

— 4 li*^ t1 t1*" *2-- ■ ilH 

2 2 





- [.^^ 2u- *-*-» 


X ji*-« 


*Ji^.J^ 


V jlkJ fi j»] - 




6 


- 


(2y2 


x2) 




11 


■ 


4+ 


- 


(1- 


x2) 




2 


- 


>-» 


- 


(1 


x2) 




2 


SB 


\Lu0 


- 


(0 


x2) 







^ 


>- 


" 


(y^ 


x2) 




1 












4 


3 


(*^ 


•-rfjtii^ 


&?-> 




2t 




It 


2^ 


iu- 


J*H 


J9«)1 


5jl>'j]1 










© 


6 


't 







y2 





1 


1- 


2% 


^ 


4 




2 





4 


4- 


10 




>» 




2- 








7 






J^i^i.h.T 
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i^ ^ ^>* <^ JJ^t ^Ja.Lua) ,4_>rt jA JaJl Jja«il jA>aIl jjijxll • 

•t^ US ©Apaj ^ JaJI t> ^ Jja^ (jA>ftll jjiiJ • 



V/i _ 

2y2 - - 



JaJI J>j1 (>>ai jiiiJI ^ ^ JaJ ^ 

4 ^ 6 

1- . 2^^ 






^jj — aJl jJiliU £jjaJl (>>ll jjilftM ij^ jjiUI Jd^ 

. JaJ t> jjjaJ (»S JJ-uJ ^ Jai J>i^ (>>» 





4 




( — 

4 




4 


6 

i — 

4 


6 

4 — 

4 




iO 


iO 


«1 * 


i 



1(>» 



Ji '•j^^' fSj jiu-1 1- ^jii jj^ • 





2t 



It 


4 


3 









14 







1 


1 



r/4 

4 


2cr 


3 
4 


2 





4 


3 


20V^ 




J^' 


2- 















J^»Ul.I 
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.(j.i<;Vi^i.J cjjLl JDU 0- Ji t> «^ J! lii^ii i-s) 
Sl^ (jj^ W J=^^ ^^j 1 - iL>- ^ J*^ J > j^*^* J^^ • 

^L_jjVl j'-""^ " <-i^y-i ^-ua. JW lW^ (-t*^ V Aii US t j$-o-c jjc. 

.[4*4 + 3x1]- 19 J) 
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•[4x3 + 3x2] -US?. 18 ili J=J lj» ^ A^U ^LjVl d^ ^IjJ 

f-^ ts j-i5 jaj. ^1 J US .y&jua juV jaJi jus oi us^^ii 

<Jj— S j±__i fjS 2u« lu- 1> JS fiS OjS3 J ^^ <_jfcjj bS I jl • 
i— i JVB IJ* J.. U^ .Jul Su -(jS UL-^ ^ill J^i ^ 





1 _ 11 
2 

I -H 

2*2 






(0 *5i4) 1(5/2 *o) oA^-s:^ IhW JjVi Ajsn j^ ;:^ ... 
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2 2 

2 2- 

(0 4272-) *(2y2 iO) LiAl-SiiU lijUj t^\i31 ^1 Ji-i (jS^ /. 

2l>*! 




4-3-2-1-01234567 

i^l_j 2LJaiJl ^A-ftjjli ^i,lxljji ^oaI^ iJlA i^L2\ (jiajaJi (>* Jaa^ 

^j-£j .i—S AuiSaH IJA j\i ^S^j ^ jI^VU ^jj ^^iSjix ^^*-Ai3 ^JSJl^l 

Pure Integer ^L-iftlili 5^ ^L^allaJi Aj^au^all i^Vu ^j^li ^ll^A^ ^Uli 

i^Vl J ^jiaaJl 2La-ajjl^ JSUa (> jaJ Ic jj Jbi^jj <iU i j^l j .Problem 

<^— ij tProblem Zero or One ^^jli J ji*-ali AKa3u Ajk t3llaj 3^aaa.*^l 
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<ij\-.^ \ cl j^ d:^ SAiix OjS3 Ail^iJI CJij^ Jd ^jj\\ IJA Jli 

Integer ^5^5-^5^ oU^^Xx^ ImJ^ ll^x^Pt^f ^(jlxVI 3.j>w^ 

Programming: Gomory Cutting 

<-^jJI aKJu lip! J ^jial ,^ ^v^^j .Ahj^\ ^^^..^\ j^.^',]u 
^^JilkJi s^jo^i j^iiiii ^_^^ ^ ^^^^ ^_^ -^^^^, ^^ ^ ^^^^^ 



J> a-Ui 7 - - 







^j^\ 4lC:Jl <:5Lit J:L) iiki- 



•^jry^ ^'j l4^-i^ V-Jl^ ,.«-V» liJ^ ii!>Jl «jc* o-r- (1) 



-349- 



jjc .^aaau^l iJifrVlj ^aiaaJI ^Lj^jJl aKA* JaJ U^ax VW-o Ju-u ^tilb 

:ki^\ (_>ojljuaaJlj V l>An o.Ul^ AjL^ 

.^1 JUJI ^^ <jju£Si jjfr LUiB JS ^Jc^ JiiaJi JM* <^>H -1 
*kjj^ JJC. ^UaSj tjC- SjUc .ipaJI J^l 4^ t>i^ J lJS "2 

^jj 1, U \:Jij Ujb A-jLiJ <a^jJl aKIa J^ u' lM *> ^jc- LSj 

^ Ir- j^ i^jjAjS^ CjUjia--a ^J^ 4^^^ J_?*-^ U' '^^ lH" 

aa-v" 1 JU .2Ui\c- ^Liiai. Aa-«jj ^KAa 1^1 ^^ ^JLiwJi Jaj pJuJl ^^UJ 

jj c. Loji Ajujj^jI oJJla^l ialiill A^a> JjISj aKjJIxJI J^ UIax jil VW^ 
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^>^ x_iD jii ^j (7) .(6) *(5) *(4) .(1) JbUiB ^ o^j^j 

U . J^ kij^ ^ ^f] JaliiJI »:a ^ t> U Ji-J V villa. iSJjJaJI 3(SU,J| 

:M:ill giUili ^ j^ a^ 04^ Ail. ^ t>>.,,^^ ,2^^ 

t>«4 + 1oi3 - J 

15- 0x4 + 5x3-j (l)Uijll 

LtfjSi 20 - 2.5 X 4 + 5 X 2 - J (4) ^UiLS 

17 - 3 X 4 + 5 X 1 - ^ (5) ^OaLlI 

8- 2x4 + 0x3-J (6) Al^ 

0- 0x4 + 0x3-J (7) <LijII 

WA^ 22 ^^ ^Lj ^^ 

t-i"^ ^^ ^ij-^ f^ ^K^ Jc- lJs^ ^ iia .^jj ja^ Q^j y. ^r 
.<?i^ 22 ^ 'W^ 20% u- j^UjVl SjUj J! Ail^V^ »^ *^^^»^*2U11 JI.VI 
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C^^ ^J\ Jc (3) *(2) J^liiJl jlA^W ^ ^ y^^ J^^-^l J^ljrJ^'j 
JJUi V iaUijli ftl-A C>^ .^ Ji U^ US ^i^llj .aKAJI CjIjJu^ 

^LJiJ t5Lao <^j^ liaili oiA u^ *ji>^W ^ A-^-fliJj t(3) t(2) ^Sjls^i (jit 
4 u-'j-^ J 2LJaijlla i^\j Ua JIjJIj .(3) 4(2) Jaliill AiLaJJ U (Jubal 
.l-iD ^l—ijVi JJii^ .(3) i(2) ialijli t> y AiS^ U* <>^1 Aj=ljj Jtou 
17 JjiL-jui (3) iOaSili ^ ^UjVl U 4[lx4 + 4x3] 16 diUj (2) Uiili 

.[2x4 + 3x3] 

r ** Aj>i>Slt ^ ^j^ ^LbU ^uLtaVt ^LILIaII J:P«uj ^jftj Uj\i (<iUJ c5La:ij 
aA— C- Jj ji ^LftLbJ jj ^jliSI iJC' c-iU. (jiulj .Joi^ 4> ^JS-JUli Jau ^jL 

V^2^^«^l J ^flt^^ ^J^y "(jt^LaJxall J^Ula t-Jj^' ^i>VliiJ (jjLoij ^^J^mli 
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ly^ US oj»i o„<;Uj„,ii 

3 1 "^ 

s^O + 2)+,u<| + 1-)2a<:^ + 2)+,a<0 + 1) 
-+4=„o<0 + 3-)+,o<-l+0)+,i><I+4-)+ 



JJ& 



1 1 



= g t>- -j+7 O- -7+4 U« — +2 (J- ^7^ 
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o 

3 1113 

A^ 1 1 1 3 

8 4 7^4 4^2 ^10 

3^ 1 1 1 3 

5 •» 4 '4 * 2 '10 
3 1113 

A_-jlsiiJl A^Jjll AK.UI ^jajiViMi a11«*^I (jImuI c>i>J*J J (J4 ij:?a.lj 
^XJ ^j t<lUJl ftJiA jJ f^jyAj^ JjjS gSlau (JuSa .J^ftVl JaJI f^ ^J^A 

jJL-aJI ^-ta^l ^ t/J**^' Jjilali J^i^i-lj ^^i ^ ' Ji^^ *^ Jla 4^ 

* 1 - • , , • f 2 

- 5 
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i 



.L&-Sfi J=J1 UL ^ oj^ ^liilUj :u>-^i ^i>Sfl ^^^ <> o-J=^ ^^ 



PROGRAM: Linear Programming I 
************* INPUT DATA ENTERED ♦*♦**♦*♦****♦ 
Mavz = 2 xl + 1 x2 
Subject to: 

CI 3x1+5x2 <= 15 
(2 3 X 1 + 1 X 2<«12 
1 •»♦******•♦** PROGRAM OUTPUT ***♦**♦♦♦*♦*♦ 
Simplex Tableau: Iteration 
\Qi 2.00 1.00 

,.?.9^. Basis Bi xl x2 



0.00 
0.00 



0.00 
si 



si 

s2 



15.00 
12.00 



3.00 
3.00 



5.00 
1.00 



1.00 
0.00 



0.00 
s2 

o.od" 

1.00 



Zj 
Cj-Zj 


0.00 


0.00 
2.00 


0.00 
1.00 


0.00 
0.00 


0.00 
0.00 


Simplex Tableau: Iteration 1 










\Cj 

Cb\ Basis 


Bi 


2.00 
XI 


1.00 
x2 


0.00 
si 


0.00 
s2 


0.00 s 1 
2.00 x2 


3.00 
4.00 


0.00 
1.00 


4.00 
0.33 


1.00 
0.00 


-1.00 
1,33 


Zj 
Cj-Zj 


8.00 


2.00 
0.00 


0,67 
0.33 


0.00 
0.00 


0.67 
-0.67 


Simplex Tableau: Iteration 2 










\Cj 

Cb\ Basis 


Bi 


2.00 
XI 


1.00 
x2 


0.00 
si 


0.00 

s2 


1.00 x2 
2.00 X 1 


0.75 

3.75 


0.00 
1.00 


1,00 
0.00 


0.25 
-0.08 


-0.25 
0.42 


Zj 
Cj-Zj 


8.25 


2.00 
0.00 


1.00 
0.00 


0.08 
-0.08 


0,58 
-0.58 
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Final Optimal Solution 

Variable Value 

x2 0.75 

X 1 3.75 

Z 8.25 

-.??AsJ.^iyi*xAp.^!x?!?. 

iUght-HandsYdeR^ !!™!.. 

Constraint Number Lower Limit Current Value Upper Limit 

1 12.00 15.00 60.00 

2 3.00 12.00 15.00 

j?p.'}t)?kMl'p.^ .?^?)?.!^s?pj5 

Constraint Number Lower Limit Current Value * Upper Limit 
xl* 0.60 2.00 3.00 

x2* 0.67 1.00 3.33 



&i^'\ 



2(Jti + 1^>l 2 " J 

15 > 2(jti 5 + i(>i 3 
12 ^ 2t>» + ^^Jii 3 
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2t 


-H^ 1 2 








1 

4 
5 

12 


1 

4 ' " 

4- " ' 


3 

4 
15 

4 


2U- 


1 

2 


7 
12 


1 

12- ' ' 


8l 
4 






7 
12 


^- », 










:^ J^ J^ jsJI ^ 


J<J!< 




l]«^^ \j 



33 3 

(-^) -SiS?. 8- ^j C^J t»— »' A^j 2U« g:ii*ll (> sja>j - rlusl 

4 

(^-^ J! J>->jU ^a#i— Jl JjcVU JLjlaiJ V«jJI mAJ ftJii-V j 

_3 ' 

- J* 20> iiu* c«Ji*iJI 6* JS ^^ (^>.£1 » >JI J Jiaig liJSiJl ,i^ 

-:^ US jjjijJI Ijji ifjjAj^ ^ 



3 1 1 



A 



f + o=2e(| +i-)+,f(^ + o)+20<o + 1) 

(2e+2C.-) + |=2f|+,f^ 



<^J>'J»>AJ' 



30 ^3 1 
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.AJ1*!1a1I ^jJ AjSjS > g^^l 4> AiSlI lift ^;.^j At)LL t> 4_;jiilj 



3 /-A 3 



EJ 






L 



4- =3e^^^r^^4' 



All-A^ jLoVi lWI Ji-J (^Ml <j.i<;iiouJ Jj^ ^J Aiall Ija AiLbUj 

:^V1 Sj^i Jo 



jiud jht^ jjL^ ^ 2 
3t 2^ ^t 2^ 1^ 






Bjtf^^ltjuj 


1 1 

0^^-01 
12 12 

1 

1 --0 

4 


3 

4 
15 

4 
3 

4 




1 
2 



7 1 
^ 12^ 12^ ' ' 


8l 

4 




J^' 


' 12" 12- ' ' 






J:i.lUi.t 
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4 4 



1 



45- - — - - i£ _,, 



12 

3- 1- . 1- 
4 4 



-V 



15 



'»t 



1 _ 1 1 






12 



- - 1> 



li 1 _ 7 _ 

9 4 • 12 "'^ 

. .^J (3£ O^ ^ 1- ^Jl _^j) ^,_, J, i^^J, ^^ j^_^ ^jj 
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3 


1 




" 


3 


1 


. 4~ 


, 4~ 








4 




t-i — 


4.2 — 


i 


( 




1 


1 


1 


1 


1 


1 


4 


4 


4 


4 


4 


4 



■u^>ii ip 



4- t3 41 iO tO 43 ^ 



(^JeJi 1^ cA^ X JuA aLj=u cjjikoll ^jll) ^j31 Jj^ai (2) 



(^^1 1^ 



jL-al aLjso <-Jjli»*51 ^jJ^)~ ^^1 lO* 



4 - (3 X '' ) 
V ^2 ' 


15 
4 


1 -(0 X — -) - 
V ^2 ' 


1 


- (0 X ^ ) - 
V ^2 ^ 





- (1 X ^ ) 
V ^2 ' 


1 
12 


^(3 X ) - 

12 ^ 12 ' 


6 

12 


^ iA ^ ^ 
-(4x ) - 

12 ^ 12 ' 






jy^l \QA 



PROGRAM: Al! Integer Programming 

************* INPUT DATA ENTERED ************* 

Max z = 2 X 1 + i X 2 

Subject to: 

CI 3 X 1 + 5 > 2 <= 15 

C2 3x1 + 1x2 <= 12 

♦**♦♦*♦****** PI OGRAM OUTPUT ♦***♦**♦****♦ 

Level Node C: Optimal Solution 



Level 1 



Node 1: 



X 1 = 3.75 
x2 = 0.75 

Optimal Solution 

xl=4 
x2 = 



8.25000 



8.00000 
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Level 1 Node 2: Optimal Solution 

X 1-3.333333 
x2 = l 
Final Optimal Solution 

xl=4 
x2 = 



7.66667 



8.00000 



>- iA (i j3^1 ^^ ^ f^j Jjt) 1 ^J a.j^ (3) 









0.(3 x^ 


1 - 


o 
4 


. 








0.(0x1] 


1 - 











l-(Oxl) 


1 - 


1 








0.(1x1) 


► - 


1 
4 








1-.(3xl) 


- 


1_ 
4 








1.(4-xl) 


- 









2e: 




It 


ill iJ& JjJaJl fj^ 


1^1,1 rthijj 


J jji^ j^ ^ ^^ 




3t 


1 2 






Sj*.3J1^j 


1 

4 
12 


1- 

8 
12 






1 
1 




4 


2cr 


1 

2 


4- 


3 


1 





3 


3L 





1 
3 


1 
3 





1 2 


8 




>' 


1 

a" 


1 
3 












J;Li J.ist 
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r^ t5^ L?j^ V) o^Ax (Ja. ^] bL^^ ^ bj! ^3jLu1I Jj^ ^j 

.^JI^aU ^^t^jll JaJI jLo Mils L^ jjD ii: 

^iajic ^u pj^ ^^ -gj uLa_^ t^jiH jaj ^jHIo ^j^ j5Uj Ud^ jy( 

AJaiJl A^jjJI ^JLi^ Jii <^ Wl UL-> 4^1 Jjkil «^ jSi iuLoxj 

.. JA JUVI cK 

«. 3 

4 
3 

1 i 

-Lna. 8— ^Laj ^LJ ^_^ 

•C^J*^' i> '^ >^j W^ r^» . 
(3)Jrt (2) Ji^ (1) ^ ^ 

Ja^ Jli (^ C^jVl .ipajl v-kijll AIIj ^ uiujuiHj 

7-1x1+3x2- ^UjVl JjVt <Jrt 

8-2x1+3x2- ^IjjVl ^\a\ Jiij 

9-1x1+4x2- ^UjVl tlJlill Jiij 
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• J^-^i .^ U,i <^, .^ ^i^, ^ ^, ^, ^^ ^ ^^, 

.15^20-6 + 1^3 JjVla^l 

^UJI c3i-2 14 - 1 X 5 + 3 X 3 

12 > 2a- + lo- 3 ^liii ^) 

^UJI^i^ 10-1x1+3x3 

^■i^l Jjklt ^1 JU. JjS/l J:J| ... 

15 > 20-5 + 10-3 JjVI:lJ;J1 

^U-JIJi^V 19-2x6 + 3x3 

12 ^ 20- +10- 3 ^iiiii ^1 

^UJlJi^ 11-2x1 + 3x3 

15^20-5 + 10-3 jjVijiaii 

^UUIJi^V 17-1x5 + 4x3 

12 ^20-+ 10-3 ^liiiAiii 

*^^ * 13- 1 X 1 +4 X 3 
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..^ (Ja\^ j£S:^ ^ ^y^\ ^itia^l Jjtjbll J aLLJ ^M\ ci^^ 



J — j:u1I ^> (jJ Ajl US) pjU Ujs^ Jjl^i tSii 4i jjt. ^CS^Ji JjkH Ja.t 
Aj! fjA ^ jM ^^ ^^tjJi JjJall iJ ((/J^oja. Jjj^ ^i,iaa«ilj A] ULojj (^Jll 

J— ^ CT-? <Jj ^^* f^=** 4/* ^J^ ^ ^J^ «^>-S]l ^ JjjS ^\^^lJl 

^^-^U 4> Lajl J A^u^ ^Uj ,^1 jto^i -^ i^ ^) (gr^^* tWO ^^^^^ 







:^CioiJ (^ju^JI JJLcJJt 


(3.0) 


3 - 2o« /. 


- 10- J <>Jial tJjVi ^1 


(0.5) 


5 * i(>i ,*. 


" 2(ja fj (j:aj&\ 


(12.0) 


12 - 2u- •. 


- 10- u' LH»jpai 'i^^ ^^ 


(0.4) 


4 ■ icH .'• 


" 2(>» J C>oJ^^ 
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J> J^ 




<Mt ^jsJ» »l<JtI 



Jt^ 



i*?jjl iO^jt^ ^^) JJ., iii^ 



^1 ^ ^ JuVl J»JI J <.j!«ll ^> ^is Uj .(^) .(j) .(^) .(^) .(1) 

**^ U-j3jJI "J* jl^l Sjllij 4^!a--Jl jIjcVL aJbaJl li^jJI AJliJ 
•O'jijJ' "^ jV»i' gSliS ySft JjJaJ 2-iijjj .ijj^JI yijj 
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&»^' 


^jL^t 2Jb 


tj^\j^}i\ 


(^^1) 2da^t 


8 


0x1+4x2 


0* 4 


\ 


7 


1x1+3x2 


1c 3 


Ul 


4 


2x1 + 1x2 


2i 1 


-5- 


3 


3x1+0x2 


3* 


J 





0x0+0x0 


0* 


^ 



^JLijJ 4^ (JaJi 1^ Ji-ujj t^^jau^l i^Sfb k^\ V*J^* ^^^^ J^^^ 

J jLkJj 4 2c>" ^tjlJl (JA Cj\:^j (^\ ^^\ ^^j 41(j*i ^JAaH t> Cjl.ia.j 4 

A LL (^1 J cli^ iUiJ JuxVi (JaJI J*i3lj jA J .-UlsK 8 4^1 J^ftJ ^Wj 

ONj>w^i jIjipVi 4jKd^ J^LSn* J> J ^Ij jjJI oi^wl ^iji>Ju»l ♦ 
j <^j "^^ ujj1L«V| ^Branch & Bound g;^ jai^ j ^^ vj^' J^ 

^^j ic J ^-^^ W ij&VU A^ju3l ilxl^Sui^A cK ^^ sjjLi*i?l i JA ^).ikla.V 

JJlxVl ( J -^ > J -^jSij t:^x^ JaJl j.r.^1 Ui:i=Jl AjLd <^i j2jj 4iLa^ 
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4c>« 2 + SO + 20I 3 + 10- 6 - J 

8 > 4(>i + 301 + 201 + lijM 

12 > 3(j«i + 2o» + i(>i 2 

6 > 4o» 3 + 30. + 1^ 5 

1 > ,^ 

1 > 2iJii 
4^ 34>. 

2 ^ 4c>- 

«A %J% . i i ^Uj 40** 30I t 2t>i ilOi t> J^ 

J^^^' J U^ gr^ --^b J ji^ UjS3 u\U 20^ j\ *io- t> U <^ J 

J 0^5 t4U- JiJilJj i4 i3 i2 t1 4>^ ^ ^ A..ud. Ja.L J 4jL«j 3(J- 

.2 jl 4I J 4 jL-a ^ ^JL^ti ^3^ A-0^ ii,U 

L>_S-j JjkH oiA ,ij^ AAoD J (60 - 3 X 5 X 2 X 2) ULo* Su o^- 
4[ ] ^j J^i «illj ^^ us g.^j :bJ ojSa j:)U. Cj^ LjU 1^:=^^^ 

S^L-il ^ . nVi V ^i^ Jlili ^ Cil jJuJi t-uiji ^jLc J a^iaCiU 2^ 

^V^ i^ t/i^ J J -^V ij^j :^ %j^ U^ ^ Arbitrary i:^j:^ 
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012012012012012012012012012012012012012012012012012012012012 



j_^ J -v-J ^^1 jaJi 0^ ^ ^^ -13^^ J=^ (> J^l ^W^ c5to^ V 

CijL_S 1 jj ^jJi J>-ojil c^ C^->^ ^ ^ ^ *^^ ^5 'Bound ^ 
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^ -^Ic 'Aiki. -A^ji ySA. \^1 Jj^\, 3i,U y^iJ) Js^ li^ U tJU 

j-u j»ji j:4\i (Aa^B^ji jijtVi i^jj ouki, jUiftVi ^ JiVi ujj) 

3*33"'3(j*i 

0.89 - 4o- 

<?i^ 11.11 -(^b>)j 

11.11 i^ ^3S^cW ^ J AL-«^ •^ ^ ^ J ^ .:i^^^ 
11.11 <-^jiiji-u«iii:iiji4ai3. 11.11 fijii eyic^jVi-^a-A*,!:^^ 

Mj t ^ - > ; . n jJI Jl^_i31 ^i,aia.^U l^ jaj«ill jLo 3^iLlJ! jl5iVi J 

01 jjxj ^U3 ^^ ^^_ss ja jj j^^ ^UjVi J '^^^-^ e- (2-9) 

c»t j_Li jt*i.j3 bD^ oVi J »£: ji»j .i^ MjLi! jjjkU luj^i (cjV J3JI) 
.Rounds CjV ja. o* oiSoj -o] i^ jiH j .i^J i^jU ^».iiiu.U cM j^- 
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dilj J mJI «Iji jjilft cpMj ijjSj J ^y)J^\ JUia.Vl U *^ULiLJi CjI jjilal 

;j o l^la. tjU InKni^i (jLuj Uiaj .^i^ Jjbai jA <jjI*11 ^LL^I <a^jJI 

3.33-3t>» 
0.89 - 4o» 

-Sua. 11.11 -^UjVl 

- ^bjSfi 

C-J aj ji] t5^*^ j\>Lf*J» <J»^ '^^ Jj*^^ SVirtI JjL 4iaUjaJj AJ^ *iili t<:ja 

^^ iiS c-fijjui ^LjVt tjl Aj3 liLi V Iaaj 4^^ i3^ «2t>i *1(Jrt (j^ T^V^ f"^ 
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£^)j J>}\ j»tji>i^L J>JI oljti> ,ja>U (2-9) ^j Jii 







aJoUl iti^^l 



:0t ^ ^^ i^l ^^1 ^^T ^lj>^L ilSLill J,. 
3.33-3^_^ 1-1^ 

0.89-4^ 0-2^ 
V* 11.11 -^IjjSfi 




3.14-3^ 1-1^ 

0-4^ 0.57-2^ 

W^ 10.85 - ^lij^i 



ai-^i^irttt 



3-3^ 1-1^ 

1 - 4u- 0-2^ 

W«^11-C^> 










t>yt 
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- cW> 
.U>«& A,}li^ ^^^j^ 

S^IS ^^ V Ajt (it jSI J ^jj^ pUjj JmI* jUtti.) UJ^J SjlaaJ *^ ^ 
t.l'^i irfn j\ m*\A^ ^^Vl I in (jl JmoAJ q\£ ^j t^jjaua J^1«3a jU^V »A^&a 

L-x^i 4t>i t3(J*i (jJJJJuJI (>• J^ (J Jaa^UB (jaj .CJ^jaJi (> l5' -^^C- t^ 
tij — ui tillJ Jc- J l-^ >*^ JJal ^J"^^'*** 4(>» JjiloSI (jl jj6 i^j**;S ^-cjS 
JO— ilJI 1^ (^laJI ,^ (jV J ftjl^V 4t>ii Jji^l J& tiJUliil xL 
^2jJ a t^AJayw^ jl^Vi Aa-^JJ OUklal Usjj tillj ^j^jlaS t1 ^ 4t>> 

(JjVi ^ J ill) - 4c>» W Ui^ ^-"^^ ^liiJI Ja. jtjaJ *-i^j^ <,^^J 
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'*i^^ J-Jj -{^ t^) 1 - 4U. ^ OjSi U^ t,>l SJ.J 

^t** 2 + »t>i + a(j. 3 + io« 6 -J 



8^ 


4(>. 


+ 14^ 


+ 201 + 


iU- 


12^ 




^^ 4 


2iJ0 + l4>i 2 


12 ^ 4u» 3 


-^•u- 


+ 1U-5 




1 ^ 








10 


1 ^ 






lO- 




4^ 




JO* 







0* 40i 

jj JJ iitkJI MjL-V |.1:iil-l^ AiUI ArfLiI ^jj :lK^ J^ ^^j 

0.57"2(j«i 1~ioi 

■ 40I 3.14-3o» 

U^ 10.85 - j-UjVi 
- 4CH ^ UjSS Uijc JdVI .i^ J=JI ii/b ^Uj Jujj 
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<jjlUf :(4) ijL^ 
10.85 UjbjJfi i— ^y lS^^ (3) 2iil\!ill 3>iJI ^^ Ail UL-o^i ^^iSl ciJl 

^jp_Sj (j) <jS-oJ i*^j t(3) ©.,jiaaJI (3* AjIJ UL-ajJ t^Ul (JaJb AJjUa 1^j'i> 



- ilJUill i3 jaJi - 



^ -0 UL^^ ^ill J^l 42^^ l£iUajl dbj Jail Aj^ ^ ji jUi.i c^ 
iJ-S 3(>> *2i^ tlAfc (jjjoij-o -Sja.j t3jLijll JaJI ^j^ -Saa^ <lua. .(S) Sj^aa. 

..^ a.lj ^—jojfill 2(jti Ji itlftli Ax^ ^U Ic ja (3^ ^>^ Aiali!) b'^ Jj&j 

jX-jj 1 > 2(>. AK HioH ^^^ 9 4^L-aVl JJiJi Ja^ 1 - 20> ^i JDUUj 

8 > 4t>> + 3^ + 2(Jii + 1i>> 

12 ^ 3(>i + 201 + i(>" 2 
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6 ^ 40- 3 + 30 + 20- 5 

1 > ,^ 

1 * 40> 



^ U3^W- ri^i aji^i cK ^^al^JI ^^1 ^^1 ^,^^^, ^, 

1 ^ 3o- 1-10 

- 4(J- 1 - 20- 

\*i^ 10 - ^LjVi 

^ ^■^ ' " <''^-j' *J->- V* '^'^^' ^J^^l ^l-ljijii. JSJ .^..a,.^ JjtVl 
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>o ^^ U jUi=.lj ((2-9) ^j J^i e^b) J^^ *^ J^ ^ J^ 
O-UJl ^^USfl £^ jili ^^^ J^ ^> ^^ *^J^ ^>^ '^-^-?) •'' " ^'-^^ 

w :as ixl) j^ ^ t>j .(0 ^1 4u- j^i ^tj dj^ 40- >i^V? 

( j) c^->^^ f^ vji^^^^ 

4(>» 2 + 3(J- + 20- 3 + iu^ 6 "J 

8 ^ 40- + 3o- "•" 20- "^ ID- 
12 ^ 3o- ■'■ 20- "•■ ^U- 2 

12 > 40- 3 + 30- +20-5 
1 > !<->- 

- 20- 

4 > 3o- 

" 40« 
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JaJ JjOaj :f3) S^jLs. 
Qp. ji^ ^^ AakaJi Aa^jJl «^jL,j ^l.ii:L-lj ^Ull AKi^l Ja. ^^j 

3.33 " 3(>i 1 * 1^ 

'w^ 9.33 - c:WjVi 

JuL> J^ Jjasf ^ 4JjlUI :(4) S^L^ 
d-^l ciiaJ ^ ^ J t^aaa.^1 i^Vi ^JJ Ljj^ij <.Ujll ^ Ol^ji^ 



— <^UJI U j^ . 



.0 i^jl«u AcH J^^ ^ «:i"l^ UiJfr ^GSaJI JjlaJI 

^-^ ,li a^ ^illj c 4jj^ Jsjil^lj u-^UJi ^ jill ^^ ^^ Ufrj jjVlj 

.((2-9) ^j JL^ ^ij) .>UI ij^ ji^lj 
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JaJf :(3) S^^ 

3 * 30» 1 - l(j*i 

1 " 4(J*i " 2(J-> 

<jjlUf :(4) ijLii. 

A-^Sl^jj «IjUliaa*j j^ IJI JjasI ^Lill SjkiJI ^ JaJI J ^ tbjjl ^jLox 
tlj-Lox Ja. Jjaal UId tl^jia. 11 ^JiJ Jj^^ UbJ tjia^j tA-r^j^.^ll i^*^l 

.Cil^jja. 10 {ii UbJ (3to^ 4jl£ Uj^ ^\la 

JW cW AiuU-3i SjLaJi ^^ ajIJ UL^ji 4^:^11 J^l Ji^ jiaJI lift .iit J 



«s- 



o-^j^^^ j^j^j -^KiJl U^ Su ji^ V ^1 J_^| ^ 
-JL-^i ^k :u,=^l i^Vl V-j. M^V cMH li» ^ i^^ 
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Probabilistic Programming 



^Ldlji=tall 

Probabilistic Linear Programming 

Certainty ;_^1 <_^jj, g.ui5l, ,^ ^^_^ ^^ _.^^ ^^ 

•Programming 

•Uncertainty or Probabilistic Programming 

'^--ils J ^>-Sj .^bn ^ uijjt Jk ^ AJ«J '^jji jsLi- i^ljj 

:U^ A^jjl ysij :^^^ j^iSV, ^,^, 

• V»iJi ^jJi jsii. y^ jshii ^ ai<.>.. 
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Expected Values for Random Variables .^\A£a}\ 

J ^^1 J^ JDl-^l ^ cjji*-Vi »:Mb Jk <^ iyL:ia;ii ^la^jji :usi^ 

(>a--iaJ» 1 — JS 4^ JS\ ijl-57* J^J .Deterministic Equivalent * JiU-J 

UJ^^ (^^1^ ^^J^) -^^^^ c-ijLiVl ^^AV>.h\j 3(^LaJl ^JStl ^Ul^ Ja. 

(DJUU 

J — iSl 1^ ^^ vlaU jiS j^j .-441^ 2 l^jfi AiiSw Lk^ ilA^jSi ^1 jij 
VJ^I^aB 1 i^j 160 «140 o^ C^^>^-' ^SifLM Ujj^ ^ t-aUali J ^JS 
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J-^l 



150 Jjl-«3 . .. lUll ;^>ll i^l j^li .Lui V:C« LuJii ^ (ejyi 



:dlu:.>ili..0Vlj.(l^°±^) 



'•^j 



....Jc sjLji^l ^..^L^l ^-^v-jJI <1S.^L. 3L^U^ ^ <M ^ ^j 

200 ^ it_>a 

160 > 2(>i+ '\^Ja 
J**-a ^ 24>i 4 ifj/i 



S^j150== 


10I 


•aa.j " 


2(Jja 


* 

W^ 150 • 


■ Ci 
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JUu:^VI 



cjU 



^ JAxrtift 



0.25 


140 


0.25 


144 


0.20 


148 


0.15 


152 


0.10 


156 


0.05 


160 



156 + 0.15 X 152 + 0.20 x 148 + 0.25 x 144 + 0.25 X140 - ^ 

147 - 0.05 X 160 + 0.10 X 



i l^^j 150 ^U^ ^^1 Ja^a l^^j 147 o:u^ ^UjaH JaJJ ^ (>j 



•^j 147 = 


1U- 


l^jO - 


2(>* 


14^147' 


■ vIj 



jL-jj) ^^ImoJ \^L^j Jj^ ^ CiLIu SjLj ^ULUt ^\j^l t> iaa^ 
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Uaj .ysA^ ^l^ J^i :^ij ^ (,/jU-ll Ul j^VI ti_>-) ujUill '^ji 

ol jj — iaJI J j^l_^l jjiUl ^iaui ^u; ;i^_^ jjjj^ ^ aic.>..,n ji^«^| 
6-« J-Jj-J .^.Jjlsij aj_u, U J* J .^jliiJI V«jJI ysji« j^ ibSiyiJl 

j.U_^U .d_lij AjkiJI A^jJI <Ki^ J^ j_^ u^ ^ j^i li^ ^ 
L_i3l ,^ SjUyi jJauj .^l#il JaJ ^^ oiWiM ^jJ ^^ (^»i» AjitS-L 

(t) V + (J) V - fe+J) V 

U_AJ ti>a*jl' U^-iMU tjfr ^3SL-ix Olj^ilall J jj4iU ^ ^LaiaaJ *^JJt5i 
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Aj ^jAuiA ij^-0 ijy^J^ A^ Jb^ {^J^ Ji) -^ AAljJa] c3^J^ CP ^^H^ 

(DJUU 

J clip. ( j) ^LjVi ;-dS ^M ^J^^ 

24 ^ so* 4 + 2o» 8 + io» 6 
40 > 30- 8 + 2c>« 12 + io» 4 

< 3(>i i2(>i *1(>» 



3^JjV»jsiill 






JUS^VI 


SUiAlt 


JUo^^Vl 


2Uyi2J( 


JUI^VI 


^u^S 


0.05 


20 


0.25 


10 


0.10 


10 


0.03 


24 


0.25 


8 


0.20 


30 


0.40 


30 


0.25 


16 


0.15 


40 


0.05 


44 


0.25 


4 


0.35 


50 


0.02 


40 






0.20 


80 


0.45 18 
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i-*jUiti ,^,_i iib ^ ;^ A*-jji y^ju ;iU- ^^jikJi .30 oc 

ilH j>j*lalt lUUJ ^^I AajjII » 
0.20 X 80+ 0.35 X 50 + 0.15 x 40 + 0.20 x 30 + 0.10 x 10 - 

46.50- 
L^l 422.76 u^UaII ^ vla#^ it^ jU-JI cJl j:^VI J ojUll sjUa. ^^ 

20.56 - (/jU»-^ t-iijaJVi 

0.25 X 4 + 0.25 X 16 + 0.25 x 8 + 0.25 x lo - 

9.5 - 
4.33 </jUJl ciij:^VIj 18.75 ujUII ^j 

0.02 X 40 + 0.05 X 44 + 0.4 X 30 + 0.03 x 24 + 0.05 x 20 - 

24.82 - 0.45 XI8 + 

.7.47 ifj^ t-ilj2j)Vij 55.84 - ojUJI 
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3(j- 16.46 +2u« 9.5 + it>> 46.5 - j 

24 ^ 3(j« 4 +2(j*i 8 + ^^Jlt 6 

40 ^ 30I 8 +201 12 + i(j- 4 

30 ^ 30-7.47 +2(>, 4.33 + iu- 20.56 
< i(J* *24>« tio> 



1.46 = io- 


" 2U*» 


* 3(>i 


67.85 - ^UjVi 



.UjI^ USaA (Jj^ (^^1 (JU^i (ilb .^J.^3kJ f^ J Jfill 

•Fat Formation, (^ * *» *^) A 4>Vi<tti ^Ua-aH ^jI^j ^jau Lo jib j 

^^M\ JllaS Jj^ lifr^ ^J^ ft^ (jj«-.:aA ^Uiijy J 
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^-^ u-iVt u>» u JiL J ^ ^ ,itiji ^ j_, ^,_^ ^^ ;^^ 

:^ U j«Jij ^1 UjU J 

240 80 i^ 

480 60 40 

au" 4 + it>« 2 - J 

OpL^ ^-i^ J-- ^ Ub o^^ JMt ,^^^ :L-,liJI ^^1 jua 

*i^ ^ aO- HOI t> JS Cj^iUU^ ^ ^.^UJI 

240 ^ 2o> 80 + i(ji. 60 
480 ^ 2(j-80 + 10-60 
240 ^ 20-60 + lu- 60 
480 > 20I 60 + io- 60 
1 240 k 3(JmB0 + io'40 

1 480 ^ 2O'^0 + iL>-40 

240 ^ 20I 60 + lo* 40 
480 ^ 2(jii 60 + lo" 40 
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\^ j^Jc^J^^Cfi- >3i\ t>^ iUSb k^ Ji^ (/^^ JM^ 
^ :l^j ^ j^ Fat Formation ^> JiSiij .^\i-» ^^^^ J ^^*^» 

(3 iO) 3-2L>--- 0-"iL>* J»^* 

(0 44) 4-2c>-.-. 0-2a-t>?^* 

(6 *0) 6 - ac>- A - iL>- tW* 

(O i8) B - acH .-. - 2U- t>^* 

(4 fO) 4 - at>i .-. - iu- J»** 

(O 44) 4 - 2l>- /. - 2U- J-^* 

^8i0) 8-au*" 0-iL)-J^* 

(8iB) 8-2U*" 0-2O-Ji^» 

(3 «o) 3 - 20- .-. - iu- J^^ 

(O «6) 6 - 2U- /. - 2c>- J-^» 
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(jAi^ut Aiflii 


(6 CO) 


6 * 2{_>*l .-. 


■■ ^(J^i UPL^\ 


(O 4l2) 


12 *■ 2iJt .'. 


" 2lja iJXA.\ 


(4.0) 


4 ■= 2(J*l .■. 


■" i(>i l)»>^ 


(4.6) 


6 " 2t>i /. 


■• 2t>» J*T^^ 


(8i0) 


8 " 2(^ .*. 


^ ^(J^^ iJnA,\ 


(O *12) 


12 - 2u- /. 


"* 2(JJ* (Juhl 



Uib ;js^ j^ y]^j ^Kij . j#J ^yi tM (3-9) fJj JLiii jjj.jij 
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^-lOi 



.Ub jCJii JJ-» ak> 
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Simulation Models 



Simulation Models 

ol jSl — Ul gi,^ ;£_^ .iisi^ ^ii^ 6- .ipJb bJlj >_i, 
Wlj*ll L_S^Upll o-Sl— i jLjiiV il_SU-ll jr jl_^ .^^'■..■^^. 
tUJI .Uji ^ ij^ ^^.ii^ .ijjis ,i^ ^j^^ Aerodynamics 
'^ji-jSM sjI«JI A> j>. mjj»JI JJ.i ilSU- JjjJ ^ jb^j 
r-M iL-SU-H Mjl—J J*UJj iijU.laJ 0- JJ^ ;'-••-• .illjs 

iL-SU-M ^,_k i__^ LuU3 LUij yui jljjVl ^-jjj ^^^'■.-,■•, 

*• J->]j C)-^jSij A_!lUI JtjjVl ,,—i jlauJ ;^ ,,^j ^_^ 

V-* ' ' ♦OVI jll ^? JM J>JI J .stock Rider -ult Jlk, .ksla^ 

,jn-* ^1 j» <^5li >Ui-j 0-31— i jwl=al yjW- ^ *ijLi^ 

^ ,JiulL_j 5_J.i_>J| JSL_Jull Jjk t^j ^ jij ^o.^ j^, 

.,/«ll ^Ijll 

fUiill ^^ jSi. ^ i^^ ^ ju »U ^j .cjV!«1I ijbj pUij 

-397- 



: jLoi Vl 4^ S\£U^ aaJJ^\ %jj^\ u^j ^^\^\ 
.UAL, XiS^amA AJrfUj ^\jfl SlSU* -1 
. JjLu^ cAL^j (j^SL^ ^tj^ ~2 
.Slsu-.il ^ (^ iliu^ *:*» JjiS ^^J (^^ *^^J^ o^i^^^^ -3 
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[1-11] ^jjSi 
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SlTbuJI 05AC3 b^yi 

* 

4_j]^| cjUyilaJ iJ^ (>s Time Compression vl^jH jL-oli.1 - 
.V^j ^U JiSf^l OJ jUSiVl <^ j^ ^u* 

:4«^l^ %\LS s\_SU^ Jjij c^Ul U>li o- ^ jSl t>^ J 

^uLaJI 3i^jj11 mj^' J^ JSUlcU JuA V jk S\£Ux» ^^ V - 
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<^^l J >-dUd ^Uiill 4>.ii« U^ • jljl^ CiS^" c^jL.1 ^.Jiia^ 

^^ L«3a^l oajiil <jjau ^ ^jL i^Ui^l ^j^l ^ "^^tS ^j;^^" 

:^^ Uja cl^->s^i 6- Pf^ ^U ol jlaiJI Jjljii (^j^-j 
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,XhfLA ^UJii. t-Sbl (J*-^ <^' Ol^jli jJJ A^xiiiiJl ^jVi - 
.(>- tJ^ ^^^*^^ J^V ^J^^ ^^J^^ " 



... di\j 



c-iiyL-j > 



;rAl U...,. J\la J^U. t> Sl£SU^! S jSa ^y bc-^ 



2l£ 



^ 2u^Ui s>i«Ii ^uVi lP^ 4^1 vliaii ^^W ^Jfr^ 



10 1 9 I 8 I 7 I 6 i 5 4 3 2 

5l5l3l2l5l5i4|4|"T 

3.9 dilju ^>aSi «-j1U1 0^ Jjii^ u^ -^^^ ^b 
,5 + 5-^3 + 2 + 5 + 5 + 4 + 



1 



r^ 



* 



5+54.3+2+5+5+4+4+3+3. 

^ 10 



. .1U\ ^^^; 3^ IlluJI aK^ ^ Sl£U-a» vjjLJ ^l,laux«i J$-UJ 






.dm- 






^>atuu^i 


JUo^Vt 


2u:i>2jdt(^t^jyi 


(^^tcaUall 


flrf^' 


0.555 


0.185 


86 


3 


1 


0.488 


0.163 


76 


3 


2 


0.179 


0.044 


20 


4 


3 


0.052 


0.013 


6 


4 


4 


0.456 


0.091 


42 


5 


5 


0,536 


0.107 


60 


5 


6 


0.134 


0.067 


31 


2 


7 


0.500 


0.167 


77 


3 


8 


0.359 


0.072 


33 


5 


9 


0.447 


0.089 


41 


5 


10 


3.71 


1 


46 













4UyU/( H^iaJJI 


^^UfwUiaJt 


JUu»*Vl 


^uyi^lai\^^Ji\ 


i^sM\^Jiai\ 


rWVi 


0.41 


0.136 


81 


3 


1 


0.29 


0.195 


57 


3 


2 


0.13 


0.033 


19 


4 


3 


0.61 


0.152 


91 


4 


4 


0.75 


0.150 


90 


5 


5 


0.34 


0.067 


40 


5 


6 


0.02 


0.12 


7 


2 


7 


0.38 


0.128 


77 


3 


8 


0.62 


0.123 


74 


5 


9 


0.52 


0.104 


62 


5 


10 


4.06 


1 


603 
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0X1. aun 



1 ^^^ 



JUi»VI 



iL^ilti\f'&Ji\ 



j^ 



0.082 


0.027 


14 


0.499 


0.166 


86 


0.677 


0.169 


88 


0.233 


0.058 


30 


0.486 


0.097 


50 


0.308 


0.062 


32 


0.321 


0.161 


83 


0.29 


0.097 


50 


0.697 


0.139 


72 


0.118 


0.024 


12 


3.71 


1 


522 



3 

3 

4 

4 

5 

5 

2 

3 

5 

5 






1 

2 

3 

4 

5 

6 

7 

8 

9 

10 



Cy^ ^J^^ ^J V^ 3 ^ Vj ,( 3.7U 4.06 -^ 3.71 ^ 3 33 ^ 

CiV ji:^i -lit '^^i^j J W '^ Vj o^j 3.9 ^lyij s^ii^ i^>» 



cl^ljU-^i ^IjUaj J^ ^J^ h^^ [1-11] (^J Jj^^ :^J^ 



2^xaltJUl>Vt 


^jjbklt CiVUls-t 


^.jiialsjjS^ 


CttjUayt JlA^-dkJI 


0.05 


0.05-200/10 


10 





0.15 


0.10-200/20 


20 


1 


0.35 


0.20-200/40 


40 


2 


0.65 


0.30-200/60 


60 


3 


0.85 


0.20-200/40 


40 


4 


1.00 


0.15-200/30 


30 


5 




1 


f>.200 
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U fr [1-1 1] JjJbJl «iiiJi ^^Ji us ^x^VmH JUia^Vi ^-la^i ^ 

^^^-.^ ^ AjSiy«]i ^UjVlj *My«]l ^\SjVl t> ci^i^i? Wj J^^ 
.4jpSlj^ J^ Ujlui.1 1^ ( ... i15 49 i2 41) JL* ^ISjVi t> 

2;t ^jj US i^UVi t> U J^ ^^ >M3 ujlLll tjjSj jV %5 a^ja 

.[2-1l]^j Jl^liillJ 

.i-^1 4^ \Ju^ lJU ^ J JUja.1 jkUul 2uSlyi& ^\Sj Ajouoa. Jjl 
^I^^UJI ^UjVl L«^ c5^ [2-11] ^J Jj^l J^Jijj .»JSAj .^UVi 



SLi^l>ljd( f l\)Vt ^ cSOlt 


^«««a(JUi9^^ 


JU2»Vt 




5 JIO 


0.05 


0.05 





15 J!6 


0.15 


0.10 


1 


35 J! 16 


0.35 


0.20 


2 


65 4^1 36 


0.65 


0.30 


3 


85^^66 


0.85 


0.20 


4 


100 J! 86 


1.00 


0.15 


5 
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2U^*5^» f tSjiri dJjJ :Uj1j 

^j Jj^i ^j.j ^i^ixJi ^ISjSfi i> ^ <^ -^i^ ^^ (^ 

.ibSi^l ^\S>i Jj^ t> IcU^S [3-11] 

52 06 50 88 53 30 10 47 99 37 66 91 35 32 00 84 57 07 

37 63 28 02 74 35 24 03 29 60 74 85 80 73 59 55 17 60 

11 5? 68 28 50 94 03 11 27 79 90 87 92 41 09 25 36 77 

69 02 36 49 71 99 32 10 75 21 95 90 94 38 97 71 72 49 

98 W 90 36 60 78 23 67 89 85 29 21 25 73 69 34 85 76 

96 52 62 86 49 56 59 23 78 71 72 90 57 01 68 57 31 95 

33 69 27 21 11 60 95 89 68 48 17 89 34 09 63 50 44 51 

I? S? ?0 i; U S I 62 64 39 65 29 30 04 46 44 ip 16 

88 32 18 50 62 56 43 56 62 31 15 40 90 34 51 95 ^ 14 

90 30 36 24 69 82 51 74 30 35 36 85 01 65 62 64 (» 65 

W Tb 61 18 65 23 08 64 17 12 80 69 24 84 62 16 49 59 

27 88 21 62 69 64 48 31 ■ 12 73 02 68 00 16 16 46 13 85 

45 Ta II 32 13 49 66 62 78 41 86 98 92 98 84 54 33 40 

Jl I2 01 78 82 74 97 37 45 31 94 99 42 49 27 64 89 42 

66 83 14 74 29 76 03 33 11 97 69 81 72 00 94 61 13 62 
7A fs It 82 9i 90 69 33 52 78 13 06 28 30 64 23 87 39 
ID Z 87 C< 94 11 48 P? ''9. 94 25 34 32 23 17 01 68 73 

59 It ?2 33 62 U 74 68 22 44 42 09 32 46 71 79 45 89 

67 09 80 98 99 25 77 50 03 32 36 63 65 75 64 19 95 88 

60 77 46 63 71 69 44 22 03 85 14 48 69 13 30 50 33 24 
Rn Ofi 19 29 36 72 30 27 50 64 85 72 75 29 87 05 75 01 
fo 45 86 99 fl 43 87 08 86 84 49 76 24 08 01 86 29 11 
53 84 49 63 26 65 72 84 85 63 26 02 75 28 62 62 40 67 
59 84 12 98 51 36 17 02 15 29 16 52 56 43 29 22 08 62 
^7 77 13 1C 02 18 13 19 32 85 31 94 81 43 31 5 6 33 51 

• Source; Excerpted from A million Digits with 100.000 Nomial Divests. The Free Press. 
1955 P.7 with permission of the Rand. Corporation. 

(^jxxi .81 J] 65 > C^JlJi AjuJ J^ 4^jj11 vliail <i^ c5-^^ 
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[3-11] ^j Jjl^ ^>o «<i5l^^l ^ISjVl jUxb lloi ^j iCjljUJI 
jj^-Ji h -^X j V^UJI eiA 4^ ^^jj! c-dkll JL^jia ^ Ua .(^jLJI 

.[4-11] flj 
[4-1l]HijJjJL*.» 



20^3.^* 


^3JluiUa)tStSbk« 


f \rfVl ^JLfi 


C^52^^tyLj»^>. 


1 3 


1 




65 Ji 36 ,>_^ t^jit ^ 


3 


2 


^ >■' 0U9** ^Uj (^JJlj 






C^1jb>j 3 

e- 98 jM j\^\ ^j\ ' 


^ _ >l 


3 




ji 


^oo^^iB6J*(JJ^^^) 


4 

5 


4 
5 


K — IJ C^U->» JaXli t^JS\j 


5 


6 


oU?-j5 








2 
3 
5 
5 


7 
8 
9 
10 




39 


LM' 



jL^ - jL-a X 0.05 - ^Ju^ <^J^ S-»^ 
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0.1 - 1 X 0.10 + 
0.4 - 2 X 0.20 + 
0.9 - 3 X 0.30 + 
0.8 - 4 X 0.20 + 

0.75 - 5 X 0.15 + 

2.95- 
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bo 



00 



ON 



ON 



^*K>»— U>U)V>U>U»U>-^ 



XHT*^**^^C7\voosoo 



^tOU»tsJU>^KJU»U)U) 



to 
fo 






SO 









t<J^04ik4^U>UJ^^ii^^ 









\i 



0\ 

! 



t 



^ 



gN^^oo^v/tu>^*-_ 

On »— OSOOOO*— ^ 



lo 






V»K>K)4»>K)K>4s,l^t^Q 



vDwro'^jiorooovA 



4^^^K)tOChV/iOK>0 



SO 



u> 



Ui 






I 



2S ♦-; ON is> K> 00 VO 
^— ^J xj u> u» so ^ 



-y-|l; 






1-5 



t 



li 






t 



I 



W|0WU>L^i^U»04^^ 



^^^■t^00SOU>..«Qei.-t 



% 



Lf»K)^Ln^U*^U»Lh 



l^ 



00K>«->00<N0t^H-'LhsOsO 



^NOOO^ONCn^U>tO«-k 



\ 



\^ 



to 

I 

E 



t 



1^ 






to 
5- 






^f 



% 



0* 



r 



> 

i- 

* 



|i 

^ 
s i 
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ys^ :i3A^ SK.t.W ^\ 4i«.Uii ^\iil-.U aVSU^l ^i ja.) ^ iSj 

J ^^-^jp ^;:iib Ji^ s^^^ l:.W>x ti-ii] e^j i^^ e^J:?^ 

/ft^j 2.99 ^ '^j\^ 300 ^ ^jp^^ M^^ 



Program Simulation 

***** INPUT DATA ENTERED ♦♦*** 

Monte Carlo Simulation 





Category Distribution 




Value 


Probability 




0.00 


0.05 




1.00 


0.10 




2.00 


0.20 




3.00 


0.30 




4.00 


0.20 




5.00 


0.15 




Number of Simulation runs: 300 






.^>J\ \Ja Manager jvU^ ^lo^t (f ^j ^ijJ e* ^^* ^^* > ^' ^>^ ^ * * 
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j^— ii» ^ A.»^ j^ j^ Jj .^ji^ ijy ^ij^ ,u^ ^_^l 

J-S . jJ^ j^ ^ ^ yj JS] ^ c,VU*lj ^UM Jjjll j^ 

15-11] ^jj_^^j^^ 
t5-1l]fJjJ^ 






^i>U)t(»aj^ii^ju 


^4^011 JU2» VI 


JUla^Vt 


»X>a3t jjla 


13 ^jL- 


0.13 


0.13 





30 J! 14 


0.30 


0.17 


1 


45 J 31 


0.45 


0.15 


2 


70 J! 46 


0.70. 


0.25 


3 


90^71 


0.90 


0.20 


4 


100 J! 91 

. 


1 


0.10 


5 


1.00 



o^-S <_US]| j^ c^ Jl s£l J. jj^ J J^ ^^ _^_, 
A-LU ,,^ ^^ jfca ^^ ^^^^ .^^ ^_^ ^^ ^ ^_^ 

■^Ui 2_^^ us .liSUjH sil^ ,1^1 JUS, ^ ^^Lu^, ^^ 

.[6-1l]^jJjj=Jl 
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20 J 6 
70 Jl 21 
90 J! 71 
100 J! 91 



0.05 
0.20 
0.70 
0.90 
1 



0.05 
0.15 
0.50 
0.20 

0.10 

1 



1 

2 

3 
4 
5 



L^ Jxl ^i JjoVi^i ^ cjV-i*^ ^ t>J -i^^* J>-»J^ iIjV.ix-» 

.[7-11] ^j Jj^t ciUJ ^jj 







[7-11] ^jJjo^ 








^\jX\AJA 


rajVi 


UjSt>»t**flM 


JJk£ 


fttjVt 


ciij^u)! ja£ 


r>^^ 


auu2:iijBC 


au^t>LJi 


au2;itjec 


aU».3» 


2uAI>La]( 


_j3#LiJ( ^^Jt 




^ 3 


37 


3 


3 


52 j 


i> ' 


1 


»s 


63 
28 



3 



3 


6 
50 


^^ 




2 
3 


1 


2 


4 


4 


88 





4 


4 


74 


6 


3 


53 


3 


5 


bo 


35 

24 

3 


3 

3 


1 

3 


30 
10 
47 


2 




6 

7 
8 


3 


29 


7 


5 


99 


2 


9 


3 


60 


6 


2 


37 


4 


10 


4 


74 


6 


3 


66 


3 


11 


^^ 4 


85 


7 


5 


91 


2 


12 


3 


90 


5 


2 


35 


3 


13 


73 


3 


2 


32 


1 


14 


3 


59 


5 


5 








15 


>*»39 
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j^ ,,»-»} 20 




llJW.« 




- 


j,>-j*«^j« 
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[7-11] jjj^u ojjiyi fiSj^i jj^ 
ot ^y 5 ^Vj jji^h jja.j ^jL ^^ jii c^uVi ^ i^ jjjs 

u-^J *^\i31 ^^ ^^ UoiL* jjD c^l^ ^^^ :,j^j js^i ^ -2 

*f J :?^^ L>^ <^ V^J^ t> J-au UJ^^ i^j ^yxj ^ ^ /;■■■; 

.(2) ^j ^ U^J b^t ^1 ^UUJl ^ -3 

oiJflljJij Jjj*^! >u a^ [7-11] ^j Jj^l cUUj iS^ 4> 

—[I - ^\ ^^ •s>tLjl U<AjA j^ j^>, (1) 

•^^ J^ j^tij v£>o 1 .33 - 
J^jU>-j41 

JJ^^ - J^ ^^ CjI^^ .iJiD (2) 

•<*JJ J^ J>-aj S^j 2.73 - 
39 

fje 15 * CJ^ J^ ^I^SILJI j^afr SjSI>a!i OiC Ilu.^ (3) 

'^Ji J^ S^i^^^ 2.6 " 

^13- 



1. ,.\\A\ ili\JJ^\ .y^V^ t^ ^U-J ^^^ ^^^ tJji^ u' '^ *^ 

l^L^ {^\j^) ^^^j j^^^^^ ^^J * J^^^ ^^ ^3^ ^ 



Deterministic ^L^l ^JJ—^ ^ i^ Ojj^^ C^^ <>>^ 
. > ^U \ -^^\_cV ^>iUi ^^b 2^^ t> ^T^* t> lK J Models 

^\j CA:^\ ^^ ^r^\ '^^^ ^"^^J ^^^ ^:^:^^:^^ Ji^^ 
^ UJli^i JP- S^JiJ .■^> J^ AjL W:j1d ^^j^I S^i Uu^ 

i_i3j 4^7— iiJl ii^ UJ>^ ^^ ^ilSiii A?^ «^:k^ ciiiij-. cJUl 
^ v.^ti 4> oUt^ -ui?. 300 'AjLpM JD^ (> u j^^^ Ji-^ t^^=^^ 

.^\ r>< [8-11] ^j Jj^^ ^ j^ ^ cjUuJi ia^j ^ cij»uj u^ 

[8-11]f5JJ>^:^ 



SU^I^AjJlfH^t^ti^l 


auMauilCiVU3»Vl 


Jt^V» 


CiljIjSull 


^lultJLCk-iUalt 


5 J!l 


0.05 


0.05 


15 





15J)6 


0.15 


0.10 


30 


1 


35 J! 16 


0.35 


0.20 


60 


2 


75 J! 36 


0.75 


0.40 


120 


3 


90^76 


0.90 


0.15 


45 


4 


100JJ91 


1 


0.10 


30 
fjiSOO 


5 
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[9-1 1] ^j Jj^ j^j^j .^jii^, Jj J^ jsi ^gl ;2Siij j=,l_, 



irfi«>;j»^aj|^(^^5al, 



20^1 
70 JJ 21 
100<^i71 



SuusullCiVUS*.^! 



0.20 
0.70 

1 



JUi^Vt 



0.20 
0.50 
0.30 



1 



Ciljfj£Jl 



10 

25 
15 



j-i50 



rW^Wv^iUaiiciiyi 



1 
2 



t^^ -ut «iii:i ^^i^ .^j^j 5 ^ vii- s^w <Uvj cjI^j 10 

J>— jl ^SL^ ^jll u^ »^Ji «^l^j 10 s:i^ a^ jj^ ^ 

O—l S^a^l A^iU J dn ,,:x^ .^)^ ^^ ^ Le3^ ^.^^^^ 2^^^, 

J^L^ 6-- SlSUJl ^jUc ^\jj .^LUi [2-1 1] ^j J^i ^^^^ 

s^Ul ^ ^bjj ^u^^ ^ j^ ^^ Flowchart tS^I aLj> 

f-^j uj>^ -i^j Sl£Uu. y-tf^ J JJ j^ ^\j /aK^\ ^':^ 

:^l CjI^jUJU >3 J u^i Miyi S^U 'Al^j 2.AU \ 




.LSIjic Uj JiSiU dljj ^jj vjUJ ijj^ ^ _2 
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ol:>uuII J^\ i>9 OjJ>^t Sl^bsoJ jdJuJt 4ix;^ 







^ 


^ 


_^^c.U 






^ 


^ 


^Ss^*a 








1 r 




sJUi jjji;t gty« Uj jt^t 










f>»'e?j^' 



^ JjL-^ J>J1 >- 



,-.L n 




«/jL-i JjjjiJ* J^j Jm^\ 






r'^jJ-'i 







j^tjS' li->* *OUj» IjU* ^jp0 tdj>t*iJ iJlt j^T a^j v-»-' 



iiU 
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-i-j J^L-. <^i_jtj (^^_ji jiT) ija ^] ^^y^ ,^1 _3 

-4 J^ ^ uj>-Ji >-j uis u ijii .(bill. ^ oija.j 5) 
s fS .SArt^ Aiii« _^1 j^u fi Wa. jst jl uiji ijuj ^Lij 

^9-11] fij Jj^ ijjji! eibiJi ^ y.ui c^i^iii j^ ^^j 

[9-11]fijJ>u> 

Jl 







SUJUUt 




vtt^ 


1 






fl- 




V 





9 


1 


6 


10 


If JU^Kl^ 


1 




V 





6 


3 


63 


9 





? 


2 2 


f^ 





1 3 


3 


57 


6 





,1 




4 V 


2 





5 


3 94 


3 





^ 




V 





7 


3 


52 


10 


10 


5 


3 3 


f*^ 





4 


3 


69 


7 





6 




V 





2 


2 


32 


4 





7 




V 








2 


30 


3 





8 




V 





7 


3 


48 


10 


6 10 


9 


14 


f*^ 



2 


3 
41 


4 


88 


7 





1C 
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[9-1 1] J^L ojjl^l ^lljV) j^^ 

v^j:l_^ >_^I J cjlU jSj ^j .(.JUi i^m i^ ^j^^ ^ 

'■^ ^^ J>-.jl pjDUl ^jll JuJ .^j5 ^ 2 <piyiJI ^jll -2 
^JJI ? ^O j^l o- [9-11] ^j jj^ ^ ,j^^ ^ ^^ 

(.JXJI CAji s^ili* ji^S 2 ^jJI bjiil Usl t5 jil i^ Ji^v -3 
jj_«]| i>ij ^ aJj t^JS pijli J Ji^v .sjjijj :Ljyi J_>^jl 

.s^jbJI ^jiUl J^^^ o^S^\ oi^jA\ 
:l^ JjSlI iiaxl ^m ^j:^ [9-11] ^^ j^ji^i ^3^^ 

.^jj^Sja,j4.1 - 

^1^(10 * (AjuljaJl) i^jSLall cIjUjjuJI Jau.^ 

.^jj/ o^j 0.2 - 
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•ej^j-' 0.3 



y'j 



.»,I3 



^\i\ 10 



pi J*ili ^^j' -^-^ iajyfl^ 






<rfi^3-0.3x 10 






<^ 2.05 - 4.1 ojja^ (> 45l4ll 



1.6-8x0.2- 

1.6 + 2.05 + 3 
.A^6.65 



+ 


















K^\^ ^J_C. a-JlAi g5L_^ O^Vl .nV Sl_£UJl SJL— a.i J SlJjUmo 



MAPII, Excel, SIMFACTORY. ^l— ijj i>,>-Ja» i^< 3 i./.j.^% 
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-ijjjpSJ^I JmJI 31 jJ ^i.iaiu.1 4jSai AjI cdli (j!j (^Ljaj .SLAM II 

.^V-j A*j^^ AjSla^ jj^ 3 42 t1 (>ujJj tMJ (^ 

.COBOL iBASIC *PLII *PASCAL AiJ ^FORTRAN 

Special <j^l>^Vl CjI j wljLjaii 4 Ac ,3lLij3 ^^O j^ jjJI \J 

^ — «* jj ^xx«u^ LAJi <>. ^ >. ^a . 4^ CjUJ ^ybj Programming Language 
i^DYNAMO t^GASP t^GPSS 4 kl l^ ijj ^j cj sL_SUJi 

.simsgript"^ 

Jox Spread Sheets <pjj;6^\ lWI t3ljj ^bVmt ^jLoj i j^i 
si — SUxli ^l±kla.Vi i^jV- 2^^>? jJji^ Excel J^Jj 3 t2 t1 t>j^ 

.Rand Alb Ju^ 



1 : GPSS = General Purpose System Simulator IBM^>i ^^ <> j* j 

2 : GAPS - General Activity Simulator Package IBM^>i ^Ua ;> j^j 

3 : DYNAMO S-saiJi ci/^^ MIT J4«-iJ • jijli ^i 

4 : SIMSCRIPT ^ji j3Li u* . jyjkS ^ 
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MANAGER ^b^ ^)a>cwb ojj^ iiiM oI^UkoJI 



Program Simulation 

***** INPUT DATA ENTERED ***** 

Inventory Simulation : 20.00 

Holding cost per unit : 10.00 

Shorting cost per unit : 40.00 

Ordering cost per unit : 256 

Total Annual working days : 100 

Minimum order quantity : 1 50 

Maximum order quantity : 75 

Minimum reorder point : 80 

Maximum reorder point : 20 

Demand Distribution 



Demand 



Probability 



55 
66 



0.05 
0.95 



Lead Time Distribution 



Lead Time 



Probability 



30.00 
50.00 



0.80 
0.20 



Minimum annual total Inventory Cost: 821760.0 
Order quantity: 135 
Reorder point: 79 
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* * •!* 



^u;fj.Ai/i 



jUSMiVf^^i«,a,(jjii 



i-jjki f^\ Waiting (.ines jUiaftfl J.^!^ a^uj y_^ j^ ^^ 

J-^iS ^ i—WM ^>iVl ^1 JUi ^ J Queuing Theory .Jji-J 
d-j JW-ll Ij* ^ ^1 J ju^ j^ ^.jii^Jij i^tisy, ^y^ ^,^^ 
^jlii. AiUi ,VI ^^ jljill Jil. l^ j,ti^ ^ c^^sii^ J^ ;^^<^, 

J C^LhUHj {rli^l j*i- Jt MW « jl^iSVl Ii>i 4^1^ Jt ^_, 

.^-^jisii c_yisiii tjiuiio jj ^j^ ^ jj jsiig ^ijnsiM ^ ^_^i ^^ 

'-yUSill ijUjj .[1-12] ^j JiiJ ^ ^^ us _ ^^ ^ ^^ 
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[1-12] ^^Jii 



hijiA l^\ jgtCjt 



ci^aii^ 




Ji*j^\iSy^^ 



J_j tc-jL_uai 1^ ^JtJ 4 JoAiJI *Ubj t>*i^i (^^ JlLUbj c jLo U ^>*-flii 

.Arrival * J^-ojH" AjUc. aJc ^Uaj U jl ^UaiH Cl^^ • 
.Queue Discipline cjjL-a3! ^JiS <jl& jUaj U J < jlkljVI Jai. • 
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. jUai3Vl J=>iJ Vbbj 2 ju ^1 jajki Ji .y.Ul ii^m ObjLJI 

('-^ =sr-^j Jjjj— » ^jU3 ^U^ «E!(i ja.jj jlill Ij* ^j .;L.jij| 
•OUjiJ jl ;.oiJ| J6 J,,^^ ^,^1 ^^ ^_^ i^i^ 

(Infinite ^l^ V) Jj^ jjt ^.oiJI ^Jk, ^jj ^.^j^ ^_^ j y 
M*- ^^ ^ (i-^ .^) ,>UJ ^ j^ U^j .Finite .j^ J 

-^--^ ^ c^ijuji ^ ji^ ^ jii. .,_^ jst c-«^ ^L yui, 

^-^U) ^_^UJ .^_» j^ ^^i^ ^j^ ^j^ ^^^ ^^^ ^ 
jl<^ JUatVl oi-J ^i^J^ Lai«i . jSj^ ij^i .^jlsii ^ :uJ«J| j-i^^^i 

J-^ Ail^ VJ^ J {^^^ ^) ^l^ J^^ ^l^ .._^,^, ^^\^ 

»5UJIJ^ji„i2-1 

j>>_^ iijj i^jij y^ ^ (^...^ ^^j ^»,L«ji j^_, ^js, ji 

J>-J >^, -uSI^ ^j ,iUJl J^j ^ J ^ ^^_, ^,j_^ ^_^ 



-42- 



tU jpSj tjlxu t>3Sl 4> %^j J^ (^^1 ^^SIia) ^!iU»ii .lie tjU tillj ^ 
£ — iJ^ ^1.^^1udlj ft \i ^"^^1 u^ (AijS^ 30 J^ (IjI jUw) 5 ji (Aclu) Ji p^Lac 

0) -^^^^^ — "Uc 



4 t3 *2 i1 iO - J 

02.7183 (/jL-uj </4^^ f^JJ^jiJ^ u-^^ " -ia 
^r^jS^ [2-12] ^j cK — ^\ ^jij *^l*-ii Ai^UoU AjjUaJI tljULwJlj 

J ^-aj V J JuusJ\ J (2 J>-3j3i J-i*-* ^ U.ijfr) JjVi Ji^ill Jt^_sJj 

Jl i «^ %27 ^Ljs d^lj SJia^j J^ J JLua^i Uiij %13 ^ 6^j c/' 

i — Ljs dil^A^j 3 Jj*-aj JU^l Ui %27 LjaJ iJLya jtA^j Jj*-«j <J-^i 
A ^ja U .Ij^j ,. %9 ^ ^i^j 4 J>-aj JUia^i cjla Ij^aJ i%18 
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(isAiJI jih>) ^It ^jL. 3-1 

'"-^ JAJ^ f ji^ ulj ^^ ^ ^ (Patient Customer) J^ ^^ 
>^i .^t.Vl .^ ,l^vi A^l (^) j^i ^ ^^ ^, ^^^^, 

^-5 cs>Vl C.VU1I o^ ^j Balk Customer ^u^l ^ ^iq ^ sUi 
»^ ^ cUj^JI Jc ilL.j A-^l ^ Jj ^i^i j,u._, j^ ^^ 

■ Reneging Customer ^UJI 

■1-^ UJ-^J .^j^ ^ jl Jj^ J^l J^ ^_^ ^ j_^«^, ;^^^, 
C:!.i^ J .^|_^ ,^_^ ;^^ ^l^^, ,^ a>i ^ U^ JjO^ jliu^^l 

c,-!^ A_^| ol_L^ ^-1 c^ o! JulL^ .jjUl ^L-,^ ^^ 

.' FIFO Vjl pJiu Vjl Jji! j^ill aj«Ji 
^a»)l CiMo^ (>a5Uaa. -3 
* FIFO = First IN First Served = First In First oiit ~ 
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.^-0^1 ci^j Ja^j jl ^*^j .Configuration ^-luSaJI ^Uaj ^ 



u- 



[3-12] <ij J^^ »^ C^JJ ^ J^^Vi i^ JSJ ^J u^ t3^>ii 
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^jk^\ ^\^ ^t,^, j^^, |.3_^2] jj^ j5^ 



<-a^t o!)L^w- 



ooo 



io^t^) :lU^) ^(i i^j^,^ ^,^1 ^_j^, ^^^ 






ll^>'^ 




«-jlt^ 


^a^uii 




wr-Jj*!!' 


Uii-I 


, 


4«JU)>i 



^K)00 



>- V «-^ c> i^>Xil-ij O^l^t oUaJt (.OiJ 






^iMi 







i^^\ji\ -Al^y ^ 4,^,_j -^_^, ^^^, ^^ 



















— 






(I) It* 


\ 


^oo 


I^OSL! iJL- 










> 




— : 


(2)aiu 






A 
















1 


Cfc^Uj:) 


U 


^Jl.AiLlj . 
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1 

I- 



J- 



' «j ■- (2u^i ^^^SLft) Jj^ J£ J (iUi ^^JjuaS 4Cij\j ^-AJaJI CjSj jlS liU 

iliVl a. ^^J .(djUuiU 4^i d^\ «^ Jllft) ,LW4i tlij ^^ \^ J»^%j 

^JL-Aia.Vi X— Jj>li ^l.lii-il jSxj (ilLlj j-ji^-ia ^-0^1 Cdj jjj^ L5jaJ 

Uijc <*-aU. Negative Exponential Probability Distribution t-JUl ^^Vi 

JUia.) tJ ja^j tllia. .^^Vi ^JiJil ^ A-a^l CJSj ia^j ^J [4-12] ^J 
6^ frijV t^.nViJ <lijli JUja.i jlu J jS>11 4>j ,3u^aJI ^li^ ^^ 90 




a 60 90 12iO 



V6n^<^ 
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o^ ^» > 4^1 oi ji jsii jiiui ^ otfj^^ ji^Vi c^>^ ^ jU ^Uj 

d-^ ^^ — ^^liiJI Cijll Il^Jl^ j\ i^LoaJ ^^illo Jj^l Cj5j JLu.^ -1 

.^Uiill ^i,iauwVI di»x -6 

.^l^i ^^ (^.aJfaaJI j^) ^!iL*ll ^y Oia^ OiD Jja.j JUla.! -? 

, — - -^ — —4 

( jU=a5yi »J5A^ 2UI;;:>mJI g;iUUf^ 

j1 kiJiVt ciji^ ^iU (>a*J U^J»J *-J>»ij _ -Ci^L^aa. ^jiwujU^Ujil 



^^ . 
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Si % 












V 





















CI 



v.. 



1^ 

n 












or 



V 









n^l 



^1 



H». 






3't 



n 


















Ir 






lit 



^1 






I 



I 



!^ 






I 

1 



•2 



I 



r— 1 

T 

.A 

I— I 
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Jx.*^j Jj-^j]i <^ju, J ^Ujt^j iC^jj^\ kijj^\j jjuj 

d^\^\ ua^l ^J^ ; Jj^i ^j^^i 
Single - Channel Queuing Model SCQM 

^ — ^\j ck^ ^ {<^^ ^) ^:)U]) j^^ ^ ^g,^, 1:^4 j]i ^ 
^ ^^^ ^ us) s^i J ^^^ ^j^^ ^ ;^^, ^^^_^^ ^^^ ^^ ^^ 

cM^ >i]| o^aiu ^jiiJl ^^ ^^ ^^ ^^ lU:? a>^ JS J 
j^3 *t>«u ufr lf^i«j 4lSL^ (<^^i i^jSHc) «.!)Ux]t J^jx^j U^ -2 
oUi d-JiSj uj—' jJ Cr-^jJ^ ^I.i£:l-U J^>*^^1 ^^Lc Uu^j ^ -3 

..llx-aj t-ijjstx fr^jLastil 

. J^x-ajll Jjijuft 4> ^^ <-a^l JlxA -6 
^ j^l ij^ A^UJl vIjV^UxII [2-12] ^J J>i?Jl ^ySaj^j 
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jltoVI 3yu^ JjVl ^Jyii i-»UJ» 01^311 [2-12] Jjj^ 



_l 






:(1)Jli* 

(^LJftA^ 20 J ^ ft^J ^ Jfej) ^^ J^ ^S^ 3 ^iiJ J J Winn J .^^ jfAaJU 

2 ^NA^tt ^jLJa fr!5l_A*ll .lie iau-.^ jJiS JAS uiUli ^^^i ^JJ^ ^JJ 
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. .:'_4_ ^(2) ^ 

3 3 (2-3)3 "(7-7)?" ^^*^'*^-^''-^'^^"t 



. 2 



3 (2-3)3 
2 ^ 

(JyuL. fUiJt 0>:i >Ji cJj J. %66.6 Jf (^T) 



M-?-' 



(J*i .^ J-* a»j, V J( %33 JL^I iJL. o( ^f 1) 

(3 ) -<^ < C 



1+s^ 2 
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1 

2 
3 



(-)0+ 1-0.667 
o 

(-)1 + 1 -0.444 



(-)2+ 1 -0.296 

(-)3 + 1 -0.198 
o 



(-)7+ 1-0.039 



%83 



j,U\ jvd* ^ ^ Manager Q*\iy. ft.v>.i-* 



Average Service Rate: 3 
Average Customer Arrival rate: 2 
***** PROGRAM OUTPUT *♦♦♦♦ 
Numbers of Customers 



Probability 




1 
2 
3 
4 
5 



0.333 
0.222 
0.148 
0.099 
0.066 
0.044 



Mean number of Customer in the System : 2.00 
Mean number of Customer in the queue : 1.33 
Mean time in the System : 1.00 

Mean waiting time : 0.67 

Traffic intensity ratio : 0.67 
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^'>^^ "^-^ (*-^ i>— OA f\^ iii!^ O^l^ ^^ ^ 
I — 5jSJ USj . jUit<^| ^ ujil va.l;^l cMail J.|jtj ;bl\ui ^^.ijjyi 

>^ KJji dXL 0* tfe«ll jUaiWI cij :U!a >i£ c^Uii^i (^^^ 

JS a>-<. 2 <-^ ^) ^^ y ^<l^ fi. Oj-.. 16 J=.ji Lj£ A^j .^L- 

2 
(16) -- cx^l ^ ^!jUJ1 l^^j^ ^1 ^^1^, ^ 



2 



2 

AcLu 10— - 

3 



^>^1 <^ -ui=. 107 • 10 X io| - ^NUi^ ^Uai3VI ^UlS olA ^ ^j 



3 



(^_^^i :b ^ i jp^l) c^jUx l^iU^ ^1 iUlSall jliDVI ^ ^1 U loj^ 
7 ^1^ J jiull :g^| ^1^ j^j, ^^ ^^ ^^^ ^^ ^ ^^j_^^^ 

^<^Sul\ <^\ AilS^I ^li ,(8X7) <.^ JS A^56 jt A^U JS4^ 

.(-Ui> 107 + 56) <^ 163 ^ ^jjl 
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t-^^^ 






f 



f » ii 



tin 



I 






It 



1 



ISf 



ttr 



11 






1*^ 
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5 jaaall iaa^Jt JS|^ ^^^ .j^tSJl ^Jt^4uik 
Multiple Channel Queuing Model MCQM 

C^-^' <x^l >^ Jj J^l <^ ^ ,^1^ ..i^ ^ ^X^l ^ ^ 
L-^ A-J o:.^ ^^1 s,^^| ^^1 jsij. ^i^ J ^jii, ^^^ 

Ji-^ u- ^Ikill li^ Jji^l ^Uii, Ai:^ ^1 ^VjUx]| ^ Ufi ^^_si 

:^Vl J^ull 
:(2)JU* 
J (t-^^i :^ ^ I Jlull o:)L:^ ) ^^UJI 3,UI JllJ) ^ ^jial 
^J — * ^* t>J **J^' fr?^ u^^' a-*^ ^jfS >] Jiiio ^ cjjji JiwuJI SjbJ 

' * "^ gp^ ujji^ ^>- *<£U. js jx<^ 2 ji*^ 4jjL^ ^:i]ij ^Xa*ji 

.t!iUc. 3 ^ ^ftic JSl AcUJl ^ ^^OA^ 
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.1,.JL^ i^ j\ /y J<J <-Jijl.t Jjlit- ii-^y:^ -^ 
1 



cr 



j'trVcjr 



^'v 



1 



-^4 



J 









t = i- = 
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.^Lu. JS ^JiiJt ^^ ^rioxil :»:ic 2 - j 

.A-oJiaJl (>uo 3 - ^ 



1 



,-(3V UJv L bJij 0.; J 



3 3 b-eApJi""! 



1= ' 



2~ 2 ~^ 



{.liiill ^^ *:i«JI jjt JL->. (2) 

2 riy^ 2(3/2X3X2) 

3 Uj '[2 -(3)2)1 

0.75 = i = ^.ml! = 
4 3 UJ16 



8 2^ 



-icL-- = -i— = — = ^ (4) 



.ASAi22.5 
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12 3 4 ^ ^ 

0.083 - 



.^UiJ j^ ( Out) s^j J^ jUiiiVi CjSj Jk*->- (6) 

^,, 0.415 = ^:553. f.^ 

2 ^ 

.3^2.5- 

Manager g^Ujj ^^.taJlML AijUJ) ^ii^All fix 

Program: queuing models 
***** INPUT DATA ENTERED ***** 
M/M/C TYPE 
Average service rate: 3 
Average customer arrival rate: 2 
Number of servers :2 

PROGRAM OUTPUT' 



Number of customers 

1 
2 
3 
4 
5 



probability 
0.500 
0.333 
0.111 
0.037 
0.012 
0.004 
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1 


Mean number of customers in the system 


0.75 


Mean number of customers in the queue 


0.08 


Mean time in the system 


0.71 


Mean waiting time 


0.04 


Traffic intensity ratio 


0.33 



(^-i.iaJl oij^jA ji ) 4^1111 ^i>4iJI J (j^ljM ^.oiJ jS^ ji ) 



^UJ» ^ij4J< 


Jj^t ^hj^\ 




0.5 


0.33 


C 


Jr^O.75 


J*-*2 


J 


^> 22.5 


ujd60 


tr* 


J,^ 0.083 


>*1.33 


t 


4iJ^2.5 


ujd40 


i> 



.AjLw 2.5 

vIij\jJt Ci^^t Cll J 2uaiiJt ^J^oll :«:JCJt ^^^4u]t 

Constant Service Time Model 



^^ L LajSj 4 JjVl 2^>aili 4^ t^M/u QA (Jil 4JjSj U Silfr (>i4 Jtlwp ajSlI 
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.(4-12) Jj^l ^^i 
Cu\j11 cIjSjII ujlJ 4^^1 ^J^AJl JjijJluli (j^L^ai. (4~12) ^j Jj^ 



0-r)r2" 

c 



:(3)Jlii^ 
iA jja. 60 t <>^1i (j jUaajVi AcLui ^ilS aJUj Jj:^ ^ tAlAi 15 Ig-'^jjiJJ 
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.Jftll. 



4 

.AxJiJ ^^ ijlkul 2Lli,Ulll A^JaSSj t^iH jUiijVi Cij Jb*-^ -« L 



12 96 (8-12X12)2 

^ " 12 

(<Ia— j^ ^Iki ) ^LJi ^ Aaia. 5 - (^ ^Uij) ^LJ ^^ A^ 15 - 

.-bia. 10 - 

Ajix 7 - 3- 10 - jSjH 



I2i Jb J& AlJi\ t>j 4 jl^yi cijiua jSLLa AaJl**! cJiLau« JT^J^ tf? 
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Jj_^jll i>U» ol^ 4^U-aSl jiSilJLij JlLt!^ VIA^J-J l^Kj 4CjV1 ^--1^ 

>j>^*li ^-oja^ 2^J^ ^U-flUJI CjV^UaII ^-»-oliJi 



<-i X 4>4» J — O 

(,_;-- 1) *-> X - — *■ jUaiNi oV **^ ^^y> 

* + J + — ?!■ - d Ky^\ *J^*- 

.:0i 



.jjijUiJi (JUJLiLt vJ^) *;^* o1Jb-yt iJLP " 
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:(4 ) JUi« 

^lA^j 5 JJ2WJ ^_^j "V^jii cjU-uji " as^ 2l^uji ci:)u^i j^ 

^— it ^^1 Ji-aa^j t-Lua. 120 <alSj AtLuJl c_iikiij 2LcUUi S^j ^^^*-^V 
r\ — iau ei^^ "AjxSjII ujUuiUJI " A£j*i J .iSlu Ja t^itluJl ^ jVjj 25 

.Afrly. 20 - SJla^jU ^^l (.-ilia tjjj ^>>iViJ CjSjII Ja^ijlo - (_^ 

0.91 = — ^ = — ^=^ » A^^l J^ -o- 
20 + 2 ^ + <jj 

.LjjSj 0.90 ■= 

Aa.1 J ^Uua ^^^) (>i.iV» -^J?^J ^^^ t^ 

0.350 -(0.90-U-) Jj^ c '^" f tj' t^^ 

<^ J JL-aJ 1-^ 0.350 -^ ^U o^j^ia^l cJjL-all Jjljo. ^^ v,;<m^<JIjj 

.0.960 - 

^U*^ 4j^ QA ^^ ^yi^^ ^^ /«a 
0.988- ei t 0.44-(0.90-u-) Jj^ ^ *2-^ 
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: 4-4 Lft I^tLo 

4_«jk ti—llaJ t^i SI J ^jia-a ^Aja^ jUaijVl Utj^ Jj^-^ (> ^P^ » >» 

\ ^ \^ f.j a. r^ji \^ tFinite Queuing Tables oJj^i^i cjji^l Jji^ 

•(5-12) fij (Jjl^l 

((>"l) ^ >^ U" — ^ 

4.36 -(0.091-1) (0.960) (s) - -^ 

2QiuJ| AcUUi CA^^j A1& iaiyij;iA o^) 
S^j 0.64 - 4.36 -1 - 

4.54 - (0.91-l)(0.988) (s) - -^ 

.ft^j 0.46 - 4.54 -1 
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luyisaij jjiau -2 



I 



101.8 
105.2 






25 
50 



120x*-^ 0) 



76.8 

55.2 






0.64 
0.46 



O^t dop 



1 
2 



(101.8-105.2) <^ 3.4 jl^ 
u--i3 ,^^__Uj| ^t jll ^ d:^ ^1 ^u^vi I,^ JSU. ^ i£,b 

^ J.4LU1 ^U^i leb 3^1. V c^>i jU^I I.^ jsu, 0=.^ 

^l^ oijj ^^ JUi. ,^_Vl ^JiiJI ^ v^ .^^,^1 ^j^, ^ 

^1 ^1 .iA Ju .C.UK1I ^ .,,^lLli O^^i <Jiit_, ,c.ijUuJI ^NL^j^ 

^^— ^j^ A^l o- uj^ ^e^ijlt ^ jU^Vl ci>^ JSU. a^ J U^ 

.Computer Simulation oUuiUJi ^biluuL Sl£lj|^ 
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'^-^%f 



Standard deviations 



C?*h«^» ^>iJl (>5ti, ( 1 ) ^3,^ 



Area is 0.93943 




3 



1-55 

e'ampk ^e^oS ^ea'u^derT/ ?^ "'^""^ ^'^^ ^'^n be read directly from the normal table. For 
mea^b 96943 '^"'^^f^^^Point that is 1.55 standard deviations to the right of 



0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1,2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

22 

2.3 

2.4 

?.5 

2.6 

2.7 

2.8 

2.9 

3.0 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3,9 



0.00 



0.5000 

0.5398 

0.5793 

0.6179 

0.6554 

0.6915 

0.7257 

0.7580 

0.7881 

0.8159 

0.8413 

0.8643 

0.8849 

0.9032 

0.9192 

0.9332 

0.9452 

0.9554 

0.9641 

0.9731 

0.9772 

0.9821 

0.9861 

0.9893 

0.9918 

0.9938 

0.9953 

0.9965 

0.9974 

0.9981 

0.9987 

0.9990 

0.9993 

0.9995 

0.9997 

0.9997 

0.9998 

0.9998 

0.9999 

0.9999 



0.01 



Source. 1 roni 
Copyright O 
Company. 



0.5040 

0.5438 

0.5832 

0.6217 

0.6591 

0.6950 

0.7291 

0.7611 

0.7910 

0.8186 

0.8434 

0.8665 

0,8869 

0.9049 

0.9207 

0.9345 

0.9463 

0.9564 

0.9649 

0.9719 

0.9778 

0.9826 

0.9864 

0.9896 

0.9920 

0.9940 

0.9955 

0.9966 

0.9975 

0.9982 

0.9987 

0.9991 

0.9993 

0.9995 

0.9997 

0.9997 

0.9998 

0.9999 

0.9999 

0.9999 



0.02 



0.5080 

0.5478 

0.5871 

0.5255 

0.6628 

0.6985 

0.7324 

0.7642 

0.7939 

0.6212 

0.8461 

0.8685 

0.8888 

0.9066 

0..9222 

0.9357 

0.9474 

0.9573 

0.9656 

0.9726 

0.9783 

0.9830 

0.9868 

0.9898 

0.9922 

0.9941 

0.9956 

0.9967 

0.9976 

0.9982 

0.9987 

0.9991 

0.9994 

0.9995 

0.9997 

0.999? 

0.9998 

0.9999 

0.9999 

0.9999 



0.03 



0.5120 

0.5517 

0.5910 

0.6293 

0.6664 

0.7019 

0.7357 

0.7673 

0.7967 

0.8238 

0.8485 

0.8708 

0.8907 

0.9082 

0.9236 

09370 

0.9484 

0.9582 

0.9664 

0.9732 

0.9783 

0.9834 

0.9871 

0.9901 

0.9925 

0.9943 

0.9957 

0.9968 

0.9977 

0.9983 

0.9988 

0.9991 

0.9994 

0.9996 

0.9997 

0.9997 

0.9998 

0.9-599 

0.9999 

0.9999 



0.04 



0.5160 
0.5557 
0.5948 
0.6331 
0.6700 
0.7054 
0.7339 
0.7704 
0.7995 
0.8264 
0.8508 
0.8729 
0.8925 
0.9099 
0.9251 
0.9382 
0.9495 
0.9591 
0.9671 
0.9738 
0.9793 
0.938 
0.9875 
0.9904 
0.9927 
0.9945 
0.9959 
0.9969 
0.9977 
0.9934 
0.9938 
0.9992 
0.9994 
0.9996 
0.9997 
0.9998 
0.9998 
0.9999 
0.9999 
0.9999 



0.05 



0.5199 

0.5596 

0.5987 

0.6366 

0.6736 

0.7088 

0.7422 

0.7734 

0.8023 

0.8289 

0.8531 

0.8749 

0.8944 

0.9115 

0.9265 

0.9394 

0.9505 

0.9599 

0.9678 

0.9744 

0.9798 

0.9842 

0.9878 

0.9906 

0.9929 

0.9949 

0.9960 

0.9970 

0.9978 

0.9984 

0.9989 

0.9992 

0.9994 

0.9996 

0.9997 

0.9998 

0.9998 

0.9999 

0.9999 

. .0.9999 . . ^.^^^^ , v.^^ga , ^y 

Quantitative Approaches to management, 4" ed. By Richard Levin and charlcs A Kirkpatrik ' 
1978. 1975,1971, 1955 by MC Graw-Hill, Inc Used with Permission of McGraw-Hill Book 



0.06 



0.5239 
0.5636 
0.6026 
0.6406 
0.6772 
0.7123 
0.7454 
0,7764 
0.8051 
0.8315 
0.8554 
0.8770 
0.8962 
0.9131 
0.9279 
0.9406 
0.9516 
0.9608 
0.9686 
0.9750 
0.9803 
0.9846 
0.9881 
0.9909 
0.9931 
0.9948 
0.9961 
0.9971 
0.9979 
0.9985 
0.9989 
0.9992 
0.9994 
0.9996 
0.9997 
0.9998 
0.9998 
0.9999 
0.9999 
0.9999 



0.07 



0.5279 
0.5675 
0.6064 
0.6443 
0.6808 
0.7157 
0.7486 
0.7794 
0.8078 
0.8340 
0.8577 
0.8790 
0.8980 
0.9147 
0.9295 
0.9418 
0.9525 
0.9616 
0.9693 
0.9756 
0.9808 
0.9850 
0.9884 
0.9911 
0.9932 
0.9949 
0.9962 
0.9972 
0.9979 
0.9985 
0.9989 
0.9992 
0.9995 
0.9996 
0.9997 
0.9998 
0.9998 
0.9999 
0.9999 
0.9999 



0.08 



0.5319 
0.5714 
0.6103 
0.6480 
0.6844 
0.7190 
0.7517 
0.7823 
0.6106 
0.8365 
0.8599 
0.8810 
0.8997 
0.9162 
0.9306 
0.9429 
0.9535 
0.9625 
0.9699 
0.9761 
0.9812 
0.9854 
0.9887 
0.9913 
0.9934 
0.9951 
0.9963 
0.9973 
0.9980 
0.9986 
0.9990 
0.9993 
0.9995 
0.9996 
0.9997 
0.9998 
0.9998 
0.9999 
0.9999 
0.9999 



0.09 



0.5359 
0.5753 
0.6141 
0.6517 
0.6879 
0.7224 
0.7549 
0.7852 
0.8133 
0.8389 
0.8621 
0.8830 
0.9015 
0.9177 
0.9319 
0.9441 
0.9545 
0.9633 
0.9706 
0.9767 
0.9817 
0.9857 
0.9890 
0.9916 
0.9936 
0.9952 
0.9946 
0.9974 
0.9981 
0.9986 
0.9990 
0.9993 
0.9995 
0.9997 
0.9998 
0.9998 
0.9998 
0.9999 
0.9999 
0.9999 
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' 




0>-'3J6*,)^h(2)(3*u I 


P{X<c/X) = f^~ 






The table Shows 1000 times the Probability of c or less occurrences of an event that has an 


average number of occurrences of A 




X ' 


Values of c 1 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


0.02 


980 1000 




















0.04 


961 


999 


1000 


















0.06 


42 


998 


1000 


















0.08 


923 


997 


1000 


















0.10 


905 


995 


1000 


















0.15 


861 


990 


999 


1000 
















0.20 


819 


982 


999 


1000 
















0.25 


779 


974 


998 


1000 
















0.30 


741 


963 


996 


1000 
















0.35 


705 


951 


994 


1000 
















0.40 


670 


938 


992 


999 


1000 














0.45 


638 


925 


989 


999 


1000 














0.50 


607 


910 


986 


998 


1000 














0.55 


577 


894 


982 


998 


1000 














0.60 


549 


878 


977 


997 


1000 














0.65 


522 


861 


972 


996 


999 


1000 












0.70 


497 


844 


966 


994 


999 


1000 












0.75 


472 


827 


959 


993 


999 


1000 












0.80 


449 


809 


953 


991 


999 


1000 












0.85 


472 


791 


945 


989 


998 


1000 












0.90 


407 


772 


937 


987 


998 


1000 












0.95 


387 


754 


929 


984 


997 


1000 












1.00 


368 


726 


920 


981 


996 


999 


1000 










1.1 


333 


699 


900 


974 


995 


999 


1000 










1.2 


301 


663 


879 


966 


992 


998 


1000 










1.3 


273 


627 


857 


957 


989 


998 


1000 










1.4 


247 


592 


833 


946 


986 


997 


999 


1000 








1.5 


223 


558 


809 


934 


981 


9% 


999 


1000 








1.6 


202 


525 


783 


921 


976 


994 


999 


1000 








1.7 


183 


493 


757 


907 


970 


992 


998 


1000 








1.8 


165 


463 


731 


891 964 


990 


997 


999 


1000 






1.9 


150 


434 


704 


875 956 


987 


997 


999 


1000 






2.a 


135 


406 


677 


857 947 1 983 


995 


999 


1000 







Source: Adapted from E.L. Giant, Statistical Quality Control McGraw-Hill Book Company. New York. 
1964 Re(Moduced by pennission of the puUidier. 
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Ill 

091 

074 

061 

OSO 

041 

033 

02"' 

022 

018 

015 

012 

010 

008 

007 

006 

005 

004 

003 

002 

002 

002 

001 

OOt 

001 

001 

001 

000 

000 

oto 
oco 

000 
000 
000 



308 

267 

231 

199 

171 

147 

126 

107 

092 

078 

066 

056 

048 

040 

034 

029 

024 

021 

017 

015 

012 

010 

009 

007 

006 

005 

004 

004 

003 

002 

001 

001 

000 



570 

518 

469 

423 

380 

340 

303 

269 

238 

210 

185 

163 

143 

125 

109 

095 

082 

072 

062 

054 

046 

040 

034 

030 

025 

022 

019 

016 

014 

009 

006 

004 

003 



819 

779 

736 

692 

647 

603 

558 

515 

473 

433 

395 

359 

326 

294 

265 

238 

213 

191 

170 

151 

134 

119 

105 

C93 

082 

072 

063 

055 

04? 

042 

030 

021 

015 

010 



928 

904 

877 

848 

815 

781 

744 

706 

668 

629 

590 

551 

513 

476 

440 

406 

373 

342 

313 

285 

259 

235 

213 

192 

173 

153 

140 

125 

112 

100 

074 



975 

964 

951 

935 

961 

895 

871 

844 

816 

785 

753 

720 

686 

651 

616 

581 

546 

512 

476 

446 

414 

384 

335 

327 

301 

276 

253 

231 

210 

191 

150 



055 116 
040 1 089 
029 067 



6 

993 
988 


7 

998 

997 


8 
1000 
999 


9 

1000 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


983 


995 


999 


1000 




























976 


992 


998 


999 


1000 


























966 


988 


996 


999 


1000 


























955 


983 


994 


998 


1000 


























942 


977 


992 


997 


999 


1000 
























927 


969 


988 


996 


999 


1000 
























909 


960 


984 


994 


998 


999 


1000 






















889 


949 


979 


992 


997 


999 


1000 






















867 


936 


972 


989 


996 


999 


1000 






















844 


921 


964 


985 


994 


998 


999 


1000 




















818 


905 


955 


980 


992 


997 


999 


1000 




















79i 


887 


944 


975 


990 


996 


999 


1000 




















V62 


867 


932 


968 


986 


995 


998 


999 


inoo 


















ii2 


845 


918 


960 


982 


993 


997 


999 


1000 












• 






mi 


822 


903 


951 


977 


990 


996 


999 


1000 


















6/0 


797 


886 


941 


972 


988 


995 


998 


999 


1000 
















6J8 


771 


867 


929 


965 


984 


996 


997 


999 


1000 
















606 


744 


847 


916 


957 


980 


991 


996 


999 


999 


1000 














4/4 


716 


826 


902 


949 


975 


989 


995 


998 


999 


1000 














542 


687 


803 


886 


939 


969 


986 


994 


997 


999 


1000 














511 


658 


780 


869 


927 


963 


982 


992 


997 


999 


999 


1000 












480 


628 


755 


850 


915 


955 


978 


990 


996 


998 


999 


1000 












450 


509 


729 


830 


901 


947 


973 


987 


994 


998 


999 


1000 












4i0 


569 


703 


810 


887 


937 


967 


984 


993 


997 


999 


999 


1000 










392 


539 


6/6 


/88 


971 


926 


961 


980 


991 


9% 


998 


999 


1000 










365 


510 


648 


765 


954 


915 


954 


976 


989 


995 


998 


999 


1000 










338 


481 


620 


741 


935 


902 


945 


971 


986 


993 


997 


999 


1000 










Hi 
256 
207 
165 
130 


45i 
386 
324 
269 
220 


593 
523 
456 
392 

333 


717 
653 
587 
522 
458 


816 
763 
706 
645 
586 


888 
849 
803 
752 
697 


936 
909 
876 
836 
792 


966 
949 
926 
898 

864 


983 
973 
959 

940 
917 


992 
986 
978 
967 
951 


996 
993 
989 
982 

973 


998 
997 
995 
991 

986 


999 
999 
998 
996 
993 


1000 
999 
959 
998 
997 


1000 
1000 
V99 
V5» 


1000 
999 


1000 
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Values of e'' 



-X 



0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

l.O 

1.1 

1.2 

1.3 

1.4 

1.5 



1.0000 
0.9048 
0.8187 
0.748 
0.6703 
0.6065 
0.5488 
0.4966 
0.4493 
0.4066 
0.3679 
0.3329 
0.3012 
0.2725 
0.2466 
0.2231 



»->. 



1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

3.0 



0.2019 

0.1827 

0.1653 

0.1496 

0.1353 

0.1225 

0.1108 

0.1003 

0.0907 

0.0821 

0.0743 

0.0672 

0.0608 

0.0550 

0.0498 



:a' 



3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 



0.0450 

0.0408 

0,0369 

0.0334 

0.0302 

0.0273 

0.0247 

0.0224 

0.0202 

0.0183 

0.0166 

0.0150 

0.0136 

0.0123 

0.0111 



~^ 



4.6 

4.7 
4.8 
4.9 

5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

6.0 



0.0101 

0.0091 

0.0082 

0.0074 

0.0067 

0.0061 

0.0055 

0.0050 

0.0045 

0.0041 

0.0037 

0.0033 

0.0030 

0.0027 

0.0025 



^S^AaiS (*ajSifl JiJLK (3) v5*L» 



52 


06 


50 


88 


53 


30 


10 


47 


99 


37 


66 


91 


35 


32 


00 


84 


57 


07 


37 


63 


28 


02 


74 


35 


24 


03 


29 


60 


74 


85 


90 


73 


59 


55 


17 


60 


82 


57 


68 


28 


50 


94 


03 


11 


27 


79 


90 


87 


92 


41 


09 


25 


36 


77 


69 


02 


36 


49 


71 


99 


32 


10 


75 


21 


95 


90 


94 


38 


97 


71 


72 


49 


98 


94 


90 


36 


60 


78 


23 


67 


89 


85 


29 


21 


25 


73 


69 


34 


65 


76 


96 


52 


62 


86 


49 


56 


59 


23 


78 


71 


72 


90 


57 


01 


68 


57 


31 


95 


33 


69 


27 


21 


11 


60 


95 


89 


68 


48 


17 


89 


34 


09 


63 


50 


44 


51 


50 


33 


50 


95 


13 


44 


34 


62 


64 


39 


55 


29 


30 


04 


46 


44 


30 


16 


88 


32 


18 


50 


62 


56 


43 


56 


62 


31 


15 


40 


90 


34 


51 


95 


26 


14 


90 


30 


36 


24 


69 


82 


51 


74 


30 


35 


36 


85 


01 


55 


62 


64 


09 


85 


50 


48 


61 


18 


85 


23 


08 


54 


17 


12 


80 


69 


24 


84 


62 


16 


49 


59 


27 


88 


21 


62 


69 


64 


48 


31 


12 


73 


02 


68 


00 


16 


16 


46 


13 


85 


45 


14 


48 


32 


13 


49 


66 


62 


78 


41 


86 


98 


92 


98 


84 


54 


33 


40 


81 


02 


01 


78 


82 


74 


97 


37 


45 


31 


94 


99 


42 


49 


27 


64 


89 


42 


66 


83 


14 


74 


29 


76 


03 


33 


11 


97 


59 


81 


72 


00 


94 


61 


13 


52 


74 


05 


81 


82 


93 


90 


69 


33 


52 


78 


13 


06 


28 


30 


64 


23 


37 


39 


30 


34 


87 


01 


94 


11 


48 


82 


59 


94 


25 


34 


32 


23 


17 


01 


58 


73 


59 


55 


72 


33 


62 


13 


74 


68 


22 


44 


42 


09 


32 


46 


71 


79 


45 


89 


67 


09 


80 


98 


99 


25 


77 


SO 


03 


32 


36 


63 


65 


75 


64 


19 


95 


88 


60 


77 


46 


63 


71 


69 


44 


22 


03 


85 


14 


48 


69 


13 


30 


50 


33 


24 


60 


08 


19 


29 


36 


72 


30 


27 


50 


64 


85 


72 


75 


29 


87 


05 


75 


01 


80 


45 


86 


99 


02 


43 


87 


08 


86 


84 


49 


76 


24 


08 


01 


86 


29 


11 


53 


84 


49 


63 


26 


65 


72 


84 


85 


63 


26 


02 


75 


28 


62 


62 


40 


67 


63 


B4 


12 


98 


51 


36 


17 


02 


15 


29 


16 


52 


56 


43 


29 


22 


08 


62 


37 


77 


13 


10 


02 


18 


13 


19 


32 


85 


31 


94 


81 


43 


31 


58 


33 


51 



• Source: Excerpted from A million Digits with 100,000 Normal Divests. The Free Press. 
1955 P.7 with permission of me Rand. Corporation. 



-456- 



i—^\ 4*Mi :5^Uii (J^Sfi <^i) j^i^ ijjijt ,g^, ;^^, ,^^, ^ ^^ ^^^^^ ^1 ^, 

.1980 tiiiJiJ-l 

.2000 tV^Urt jlaJl t^^oi^Vl t^liV> Wj -M»i^ tJ^ W^- *(^>;il (2 

coLU^l ^^^^ J_^a. i^U^V' ^»^J -W"^ *J^y J^ c^^L. ^U JL^ C(^jU.» (3 

.1993 3L*^Url^lJLJl :hjJ:^^\ 

.1985 t^yJl JJLUI > tS^UJl .yUJ^I ^jUAi •>! i) ^> ^L-il U,> t^U c^UaJl (4 

.1998 i?ijA:^Vl licU tSjUJi UT tojb^l J a^t v-JuS/l (*tJb;a^l tj-*^l^l Ji-Jl (5 

jUit ii> f^tapio^b olPj^l i*l>j JaJaiC tO_^lH JjU, t^^l tl,t>U i^^ t^ilijl JLP (6 

.1977 t,_^i jb tc-i^l t«^jHj ^>-* 

.1987C<a^t 
.1996 tJUp^l ijbl ^ tiijJL^Vl toLUJlj ^U^^l •jbl tjjy x^ t^^U (8 



O/fTOT 



-457. 



-4n!(g^i>;i 



1) Baker, K. R., Introduction to Sequencing and Scheduling. John Wiley & Sons, 
New York, 1974. 

2) Baker, K. R., Elements to Sequencing and Scheduling. Baker Press, Hanover, "N.H, 
1995. 

3) Brown, R.G., Smoothing, Forecasting and Prediction of Discrete Time Series, 
Prentice Hal. Inc., Englewood Cliffs, NJ, 1963. 

4) Compton, J.C, and Compton S,B., Successful Business Forecasting, TAB Books, 
Blue Ridge Summit, PA. 1990. 

$) Conwat, R, W., Maxweel, W.L., and Miller, L.W., Theory of Scheduling, Addison 
- Wesley, Reading, MA, 1967. 

6) Fildes. R., "Quantitative Forecasting - The State of The Art: Econometric 
Models," Journal of The Operational Research Society, 36, 546 - 580, 1985. 

7) French, S., Sequencing and Scheduling John Wiely & Sins m New York, 1986. 

8) Grabowski m J., Skubalska, E., and Smutnicki, C, " On Shop Scheduling with 
Release and Due Dates to Minimize Maximum Lateness, "Journal of the 
Operational Society, 34, 615 - 20, 1983. 

9) Hanssmann, F, and Hess, S.W., " A linear programming Approach to Production 
and Employment Scheduling, " Management Technology, 1, 46 - 51, 1960. 

10) Hax, A/C. and. Meal, H.C.," Hierarchical Integration of Production Planning and 
Scheduling, " In Studies in Management Sciences, Volume 1, Logistics Geisler. 
M.A., ed., North Holland - American Elservier, New York, 1975. 

11) Heizer, Jay & Render, Barry, Production and Operations Management: Strategies 
and tactics, Baston: Allyn & Bacon, 1983. 

12) Holt, C.C, Modiglinani, J. F., Multh, J.F., and Simon H., " A linear Descision rule 
for Production and Employment Scheduling, " Management Science 1 , 1 - 30, 
1953. 

13) Huss, W.R., "A Move Toward Scenario Analysis," International Journal of 
Forecasting, 4, 377 - 388 , 1988. 



-458- 



14) Jarrett, J ^'Forecasting Seasonal Time Series of Corporate Earnings: A Note « 
Decision Sciences, 2 1 , 888 - 894, 1990. ' 

15) Keefer. D.L. and Verdini. W.A., "Better Estimation of PERT Activity time 
Parameters, " Management Science, 39, 1086 - 1091, 1993. 

^^^ Onll?;- ^'^p "^'fn^r''*' ^^"^^^ ^'^ Scheduling: Mathematical Basis," 
Operations Research, 9, 296 - 320, 1 96 1 . 

^^^ m m\^'; 'n *^^'M^" " Forecasting Stock Returns in The Japanese, UK and 
Sl99^ «fOctoberl987,'- Managerial Finance;20, 68- 

''' lntres%Sl"n^im '• " ^ Hierarchical Production Planning System," 

'^^ ii" K^v"'^^™^®'^*^^*^y^»^'"^"A'"MA Model for Canadian Union 
Membership Growth, 191 1 - 1985, " Applied Economics, 24, 1035 - 1041. 1992. 

^^^ ^^l!'' ,^'^^*' ^jr^^""^**"" *"* ^"^^'^^^ ^«* A'^^^y"^* Pitman Publishing 
Company, London, U.K, 1 969. ^ 

24) Makridakis, SX5. and Wheelwright. S.C Forecasting Methods and Applications, 
John Wiley & Sons, New York, 1978. ff wmum, 

25) Makridakis S.G. and Wheelwright. S.C. eds, The handbook of Forecasting. A 
Manager s Guide. Jon Wiley & Sons . New York, 1 978. 

21) Malcolm. D.G Roseboom, J.H.. Clark C.E.. and Fazar. W.. "Application of a 
669 1 959 ^^^^^^ ^**^™ Evaluation (PERT), "Operation Reserch. 7. 646 - 

22) Masud, A.S.M. and Hwang. C.L.," An aggregate Production planning Model and 
Application of Multiple Obejctive Decision Method, " International Journal of 
Production Reserch. 1 18, 1 15 - 127. 1980. 

23) McKay, K.N., Safaynie, Fr., and Buzacott. J.A,m "Job - Shop Scheduline Therov 
What Is Relevant? Interfaces, 18, 48 - 90, 1988. 

^^^ ^^^* ^'^'* ^*''"*P*' ^•^" *"^ ^^^*^- EW.. Project Management with CPM, 
PERT and Precedence Diagramming Van Nostrand Reinhold Company New 
York, 1983; 



-459- 



27) Montogomery, D.C., Gardiner, J.S and Johnson, L.A., Forecasting and Time Series 
Analysis, McGraw - Hill Book Company, New York, 1990. 

28) Nebol, E., " Macro Production Planning: An Applied Reserch Project," Interfaces, 
17, 7l'- 127, 1987. 

29) Osman, l.H. and Potts, C.N., " Simulated Annealing for Permutation Flow - Shop 
Scheduling, " OMEGA, 17, 51 - 557, 1989. 

31) Sipper, Damiel & Bulfm, Ronert. JR, Production., Planning, Control and 
Integration, N.Y: Mc Grow-Hill Co., 1998. 

30) Slowiniski. R. and Weglarz, J., eds., Advances in Project Scheduling Elservier, 
Amsterdam, 1989. 

32) So, K. C. "Some Heuristics for Scheduling Jobs on Parallel Machines with setups, 
" Management Science, 36, 467 - 475, 1 990. 

33) Stadtler, H., "Tuning Aggregate Planning With Sequencing and Scheduling, " In 
Multi-stage Production Planning and Inventory Control. Axster, S„ Schneeweis, C. 
and Silver, E., eds, Springer-Verlag, Belin, 1986. 

34) Ulrich, K.T., and Eppinger, S.D., Product Design and Development m The 
Mc Draw - Hill Companies. Inc, New York, 1995. 

35) Van Larrhoven, P.J.M., Arts, E.H., and lebstera, J,k., "Job Shop Scheduling by 
Simulated annealing, "Operations Research, 40, 1 1 3 - 125, 1 992. 

37) Zoller, K., "Operational Disaggregation of Aggregate Production Plan, 
"Mangagement Science. 17, B553 - B549, 1971. Arkin, E.M. and Roundy, R.O., " 
Machines with proportional Weights, "Operations Research, 39, 64 - 81, 1991 . 

36) Yahdav. D., " Tracking the Elusive project,: Byte, 17, 1 19 - 122, 1992. 



-460- 



